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ABSTRACT 
This dissertation addresses the problem of how to manage environmental . resources to 
improve the prospects that resource allocation activities will make the greatest possible 
contribution to social well-being. The study had two major aims. One aim was to provide a 
rational philosophical framework for guiding resource evaluation and decisionmaking processes. 
The second - and principal - aim was to develop a reliable and practical method for evaluating 
those resource allocation proposals which are particularly controversial. 
As part of the philosophical framework, a modification of the social welfare function is 
specified which explicitly addresses the well-being of future generations. This form of the social 
welfare function is based on certain a priori premises, which are used to define the goal and 
objectives of resource allocation, and to ~dentify appropriate evaluation criteria. These 
evaluation criteria are then used to devise a resource management strategy and to develop an 
environmental evaluation methodology to serve that strategy. The methodology consists of both 
formal and informal methods of evaluation, but special attention is given to developing a formal 
method of evaluation that is simple and inexpensive to apply, and therefore particularly suited 
for Third World conditions. 
The principal research objective was to develop a useful method for evaluating those 
resource allocation proposals which are especially controversial. The method that has been 
developed - the Panel Evaluation Method - utilizes a cost-benefit framework and employs 
procedures modeled on the Delphi Method. The Panel Evaluation Method features three 
techniques for accomplishing a formal evaluation of competing proposals: the Impact 
Identification Technique is used to identify and define all the impacts of concern; the 
Significance Measurement Technique is used to judge the relative significance of the impacts; 
and the Criteria Trade-off Technique is used to determine which proposal best satisfies specified 
evaluation criteria. 
The Panel Evaluation Method was applied to several case studies with. positive results. For 
example, the central f ea tu re of the method - the Significance Measurement Technique - was 
found to be capable of producing reasonably replicable results, and so is considered to provide 
an acceptable way to determine whether the costs of a proposal would exceed its benefits. The 
method thus serves to extend the capabilities of both Environmental Impact Assessment and 
Cost-benefit Analysis, and to link these two widely-used tools for guiding resource allocation 
decisions into a more powerful and versatile decisionmaking tool. 
Kev Words: Cost-benefit Analysis; Delphi Method; environmental economics; 
environmental evaluation; Environmental Impact Assessment; evaluation criteria; evaluation 
methodology; impact identification; Integrated Environmental Management; impact 
significance; panel evahlation; resource allocativn; resource decisionmaking; resource 
management; scaling; significance measurement; South Africa. 
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SYNOPSIS 
This dissertation addresses the problem of how to manage environmental resources, 
including unpriced environmental services provided by nature, so as to obtain the greatest 
benefit for society. A special challenge was to develop a way to judge the value of "unpriced" 
impacts from resource allocation activities so that more rational trade-offs could be made with 
priced goods. 
The study had two principal aims. The first was to devise a philosophical framework to 
provide general guidance for making resource allocation decisions. The second was to develop a 
method of evaluation to provide special guidance for those situations when resource allocation 
proposals are especially controversial, either because of great complexity or because great 
significance is attached to the outcome. Most of the research effort was directed at 
accomplishing the second aim, and special emphasis was placed on developing a technique for 
judging the relative significance of impacts that are expected to result from controversial 
proposals. 
The approach to environmental resource management that is presented here is based on 
certain a priori premises derived largely from economic theory. From these premises the goal 
of resource allocation is defined, which in turn leads to the formulation of management 
objectives and evaluation criteria. 
The &Q.1!l of resource allocation is determined to be to achieve the high est possible I eve/ 
of social well-being over a time period spanning multiple generations. Resource 
management objectives are to make resource use efficient, equitable and sustainable. 
Given this goal and these objectives, one can derive the following evaluation criteria: 
• The efficiency criterion - an action is efficient if those who benefit could potentially 
compensate those who bear costs and still be better off, so that total benefits 
exceed total costs. · · 
• The equity criterion - an action is equitable if it improves the distribution of welfare 
amongst different social groups comprising present-day society. 
• The sustainability criterion - an action is sustainable if it improves the prospects that 
future generations will enjoy the same level of welfare now enjoyed by members 
of present-day society. 
The goal and objectives then provide the rationale for a management strategy, which 
emphasizes adoption of a national conservation policy, acceptance of certain principles on which 
to base legislative initiatives, and the development of appropriate administrative mechanisms to 
regulate and guide resource allocation decisions. An evaluation methodology is then formulated 
to serve the management strategy by providing a theoretically-sound and practical means of 
evaluating alternative proposals in terms of the evaluation criteria which have been derived from 
the goal and objectives. 
This philosophical framework has been developed with regard to the situation in South 
Africa. Until recently (June 1989), there was no legal requirement for an Environmental Impact 
Assessment in South Africa - or any form of environmental evaluation procedure - to ensure that 
impacts to environmental services· would be given appropriate consideration when making 
resource allocation decisions. In addition, there are few people with experience in applying 
methods and techniques associated with environmental assessment and evaluation, and few 
resources are available for conducting environmental investigations. 
Accordingly, a special attempt has been made to develop an approach to evaluation and 
management which takes cognizance of this situation, and which provides simple, fast and cost-
eff ective techniques for evaluating alternative resource allocation proposals. Although 
developed for South Africa, it is believed that the approach to resource management that is 
v 
presented in this dissertation is applicable to any country, and is particularly appropriate for 
Third World countries. 
The management strategy that is advocated here is intended primarily to provide the context 
within which an environmental evaluation methodology can be applied. A central f ea tu re of this 
strategy is to develop a national resource accounting system which is directed at ensuring that 
some minimum level of especially valued environmental services (e.g., certain ecological 
processes and natural amenities) is maintained regardless of what local or regional development 
pressures arise. Another feature is the declaration of certain principles upon which legislation 
should be based, so that environmental considerations will always be taken into account before 
resource allocation decisio.ns are made. Finally, the general approach and specific procedures 
associated with Integrated Environmental Management are considered an integral part of the 
proposed management strategy. This includes the adoption of iterative procedures for planning 
and assessment, the acceptance of screening and scoping procedures, and the routine use of 
environmental control plans. 
The evaluation methodology offers a variety of formal and informal methods and 
techniques of evaluation. These include variations of conventional shadow-pricing techniques, 
and other methods for judging the significance of unpriced impacts; some of these methods and 
techniques have been modified to make them simpler and more practical to apply in the South 
African context. 
Also included are a number of assessment and decision making techniques, as well as 
general guidelines for conducting an evaluation. Special attention, however, is given to the 
development and application of a formal method of evaluation designed to accomplish a number 
of tasks which are particularly important when resource allocation proposals are expected to be 
highly controversial. 
The method that has been developed for evaluating especial~y controversial resource 
allocation proposals was the principal subject of research for this dissertation. Major challenges 
were to specify evaluation criteria, and to develop practical ways to apply these criteria, that 
would be acceptable to all parties involved in a conflict. Since resource disputes often revolve 
around the implications of alternative actions for future generations, and are usually focused on 
arguments about the relative significance of environmental impacts not valued in monetary 
terms, it was decided to 
• modify the definition of the social welfare function in economic theory to explicitly address 
effects of proposed actions on future generations, and 
• attempt to make utility numerical by devising a reliable means of judging, on an iQterval 
scale, the social significance of unpriced impacts. 
After reviewing the literature, a set of procedures for undertaking a formal evaluation was 
developed and applied to two case studies. Several important lessons were learned from this 
experience, which led to the development of a new method that has been termed the Panel 
Evaluation Method. This method features three techniques which address the key tasks of a 
formal evaluation: 
• The Impact Identification Technique is concerned with systematically identifying and 
carefully defining the potentially significant impacts of competing proposals. 
• The Significance Measurement Technique is concerned with judging the relative 
significance of these impacts. 
• The Criteria Trade-off Technique is concerned with applying specified evaluation 
criteria to identify the preferred alternative. 
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The object of applying a formal method of evaluation to a resource allocation proposal is to 
ensure that the evaluation process is ·comprehensive, systematic and explicit. In addition, if the 
evaluation is to defuse controversy, and satisfy those whose proposal is not selected, the 
evaluation should be seen to be unbiased, and the person or persons who~e judgments are to be 
utilized should be respected by all concerned parties. 
To ensure that the evaluation is acceptable, a group evaluation procedure involving neutral 
and esteemed persons was adopted. The well-known Delphi Method was selected as the model 
for this procedure. The Delphi Method, which was originally designed as a forecasting tool and 
is normally conducted through the post, was adapted to serve as an evaluation tool as well, and to 
be conducted in meeting situations in order to speed the forecasting and evaluation process. 
The Panel Evaluation Method was applied to four case studies involving 12 panels in order 
to test and refine certain procedures and techniques. Evidence has been gathered which 
indicates that the method is capable of improving group judgments. The central focus was on 
testing a technique - called the Significance Measurement Technique - that has been designed to 
provide an estimate of the relative significance of impacts, both priced and unpriced. The 
technique substantially met three tests devised for determining whether group judgment was 
improved: 
• movement toward consensus over several iterations of evaluation; 
• a normal distribution of responses; and 
• high correlations for weightings assigned by two or more similarly-constituted panels. 
The major conclusions of the study are as follows. 
• The management strategy and evaluation methodology to guide resource allocation 
decisions provide a theoretically-sound and practical approach to managing environmental 
resources. 
• The Panel Evaluation Method provides a simple, thorough and cost-effective way to 
evaluate controversial resource allocation proposals 
• The techniques for defining and evaluating impacts have been demonstrated to be capable 
of producing results that meet a reasonable standard of replicability at a reasonable cost 
and within a reasonable time. 
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GLOSSARY OF TERMS 
ADVISORS: Persons with some special expertise or interest pertaining to a proposal who assist 
in the impact identification and definition process. 
ALTERNATIVE PROPOSAL: A possible course of action that would meet the same purpose 
and need of the original proposal (cf. proposal). 
ANALYSIS: The act of studying and interpreting data, situations or concepts in order to attain 
an understanding of their meaning and relevance to some decision. 
APPRAISAL: The act of evaluating data in order to make judgments needed to reach a decision. 
ASSESSMENT: The process of collecting, orgamsmg, analyzing, interpreting and 
communicating data that are relevant to some decision (cf. evaluation). 
BEQUEST MOTIVATION: The desire to leave one's natural or cultural heritage to 
descendents or future generations. 
BIOPHYSICAL ENVIRONMENT: That part of the environment which did not originate with 
and is not dependent on human activities (e.g., biological, physical and chemical objects and 
processes). 
CHAIN-REFERRAL TECHNIQUE: A procedure for identifying prospective panelists which 
involves asking nominated persons to nominate others in order to minimize bias and 
maximize participation in the panel selection process. 
COMMON PROPERTY RESOURCE: A public good which is not owned by anyone, and which 
is vulnerable to being damaged or depleted by overuse (cf. pure public good). 
COMPENSATION: Trade-offs between different parties, differently affected by specific 
proposals, to the mutual satisfaction of all concerned parties. 
COMPREHENSIVE VALUATION PROCEDURE: A procedure for evaluating the efficiency 
of a proposal by scaling all impacts, whether priced or unpriced, in nonmonetary terms (cf. 
fractional contingency price valuation procedure). 
CONSERVATION PROPOSAL: A proposal directed at ensuring the continued provision of 
existing resources over long time horizons in order to maintain or improve social well-being 
(cf. development proposal). 
CONSUMER SURPLUS: The value a good has beyond that indicated by market price; the 
excess of the amount consumers are willing to pay for a good over the amount that is 
actually required in payment. 
CONTINGENCY PRICE: The amount of money required to equalize the excess monetary 
benefit of one alternative over another. 
CONTROVERSIAL RESOURCE ALLOCATION PROPOSAL: A proposal which is almost 
certain to give rise to a controversy which cannot be resolved through mitigation or 
compensation. 
DECISION MAKER: The person(s) entrusted with the responsibility for allocating resources, 
or granting approval to a proposal. 
DEVELOPMENT PROPOSAL: A proposal directed at increasing the flow of benefits from the 
existing resource base by reallocating resources and modifying the environment in order to 
improve social well-being (cf. conservation proposal). 
DIRECT BENEFIT: An advantage one of two competing proposals has over another because 
the second proposal either (1) does not offer that benefit or (2) offers less of that benefit 
(cf. indirect benefit). 
DYNAMIC OPPORTUNITY COST: A cost which grows (relative to other costs) over time. 
ECONOMIC ACTION: Any action which improves social well-being by increasing net benefits 
to society, or by improving the distribution of benefits and costs between members of 
present-day society and/or between present and future generations. 
ECONOMIC DEVELOPMENT: Change within an economy which increases real opportunities 
for satisfaction and therefore results in improved social well-being (cf. economic growth). 
ECONOMIC GROWTH: The expansion of an economy through the increased output of goods 
and services which may or may not improve social well-being (cf. economic development). 
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ECONOMIC RATIONALITY: A form of rationality based on quantitative analysis and 
concerned with the search for optimality (cf. political rationality). 
EFFICIENCY IMPROVEMENT: An increase in the level of benefits that can be obtained from 
resource allocation activity, or a decrease in the amount of resources needed to produce a 
given level of benefits. 
EQUITY IMPROVEMENT: An i,mprovement in the distribution of costs and benefits flowing 
from resource allocation activity among the different individuals or groups comprising 
society. 
END IMPACT: An impact which affects social well-being and can be defined in a way that 
clearly distinguishes it from other such impacts (cf. intermediate impact). 
ENVIRONMENT: The external circumstances, conditions, and objects that affect the existence 
and development of an individual, organism or group. 
ENVIRONMENTAL ECONOMICS: That branch of economics which is concerned with 
ranking alternative environmental situations on a scale of better or worse. 
ENVIRONMENTAL EVALUATION: The process of obtaining, organizing and weighing 
information on the consequences, or impacts, of alternatives (cf. Environmental Impact 
Assessment). 
ENVIRONMENTAL IMPACT: An environmental change caused by some human act. 
ENVIRONMENTAL IMPACT ASSESSMENT:· (1) The administrative process by which the 
environmental impact of a proposed action is determined. (2) The investigation and 
documented analysis of any proposed action that could have adverse consequences for the 
human environment. (3) An activity designed to identify and predict the impact on human 
health and well-being of legislative proposals, policies, programmes, projects and 
operational procedures, and to interpret and communicate information about the impacts 
(cf. environmental evaluation). 
ENVIRONMENTAL ISSUE: A concern felt by one or more parties about some existing or 
potential environmental impact. 
ENVIRONMENTAL RESOURCES: Any resource found in the environment, whether man-
made or natural. 
ENVIRONMENTAL SERVICES: Public service functions (e.g., ecological processes and 
natural amenities) provided by nature (cf. environmental resources). 
ENVIRONMENTAL SITUATION: A perceived condition or state which may embrace all 
aspects of the environment, physical and nonphysical, and which may include some 
projection of a future condition or state. 
EVALUATION: The act of making value judgments or ascribing subjective values to data in 
order to determine their importance to some goal or their significance to some decision (cf. 
assessment). 
EXTERNALITIES (EXTERNAL COSTS/BENEFITS): Costs or benefits which fall to some 
party not responsible for the action generating the costs or benefits. 
FINAL PROPOSAL: A possible course of action which is worthy of a detailed evaluation (cf. 
preliminary proposal). · 
FIRST-ORDER IMPACTS: Impacts which are a direct result of some action (cf. higher-order 
impacts). 
FORMAL EVALUATION: A systematic evaluation, performed by an individual or a group, in 
which there is some attempt to optimize, and subjective value judgments are clearly 
articulated and related, and/or expressed in numerical terms (cf. informal evaluation). 
FRACTIONAL CONTINGENCY PRICE VALUATION PROCEDURE: A procedure for 
evaluating the efficiency of a proposal by calculating contingency prices for each unpriced 
impact (cf. comprehensive valuation procedure). 
FRACTIONATION TECHNIQUE: A procedure for distinguishing the parts of a whole and 
measuring their relative value. 
FREE GOOD: A good for which supply exceeds demand at a zero price (i.e., which does not 
involve an opportunity cost). 
GOOD (noun): Any tangible or intangible thing which can provide utility. 
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GROUP (SOCIAL GROUP): A number of individuals related by some common factor who 
would be similarly affected by a proposal; an association of individuals who feel an affinity 
for one anoth·er. 
HIGHER-ORDER IMPACTS: Impacts which arise from other impacts (cf. first-order 
impacts). 
IMPACT: The outcome of an action, whether considered desirable or undesirable. 
IMPACT REPORT: A document which provides an analysis of the impacts associated with a 
resource allocation proposal. 
INDIRECT BENEFIT: An advantage one of two competing proposals has over another because 
a cost associated with the second proposal will be avoided (cf. direct benefit). 
INFORMAL EVALUATION: A casual and personal evaluation in which there is no attempt to 
optimize, and subjective value judgments are not clearly articulated or systematically 
related, or expressed in numerical terms (cf. formal evaluation). 
INTEGRATED ENVIRONMENTAL MANAGEMENT: A philosophy which prescribes a code 
of practice for ensuring that environmental considerations are fully integrated into all 
stages of the development process in order to achieve a desirable balance between 
conservation and development. 
INTERGENERATIONAL/SUSTAINABILITY IMPROVEM,ENT: An increase in the 
likelihood that the flow of net benefits from resource use will be as great for future 
generations as it is for present generations. 
INTERMEDIATE IMPACT: An impact which in itself may not directly affect social well-being 
or constitute a discrete impact, but which contributes or leads to some impact on social well-
being which can be clearly distinguished from other such impacts (cf. end impact). 
MARKET: That part of an economic system in which exchange takes place through the 
interaction of supply and demand, and which leads to the emergence of prices or values for 
those goods in which private property rights can be specified. 
METHOD: A general type of procedure chosen to direct a scientific inquiry (cf . . methodology, 
procedure, technique). 
METHODOLOGY: (1) The process by which scientific inquiry is conducted~ and theory is 
related to empirical research. (2) The logic of applying the scientific perspective to the 
study of events. (3) The description and analysis of methods (cf method). 
MITIGATE: The implementation of practical measures to reduce adverse impacts or enhance 
beneficial impacts of an action. 
MONET ARY VALUE: A cost or benefit expressed in monetary terms, whether priced by the 
market or a shadow-pricing technique. 
MONETIZABLE IMPACT: A cost or benefit which can be meaningfully expressed in monetary 
terms. 
NATURAL RESOURCE: Any resource provided by the biophysical environment. 
NONCONTROVERSIAL RESOURCE ALLOCATION PROPOSAL: A proposal which is not 
likely to give rise to controversy, or which is not likely to end in controversy; a proposal for 
which measures are available to mitigate impacts or compensate affected parties. 
NONMONETARY IMPACT: An unpriced impact for which a shadow price may be obtained. 
NONMONETIZABLE IMPACT: A cost or benefit which cannot be meaningfully valued in 
monetary terms. 
NONPARTICIPANT DEMAND: The desire to maintain a resource because mere knowledge of 
its existence is a source of satisfaction. ' 
NONRENEWABLE RESOURCE: A resource which is necessarily diminished by the act of 
consumption. 
OPPORTUNITY COST: What must be foregone in order to obtain a desired end. 
OPTION DEMAND: The desire to maintain one's options in order to take advantage of new 
knowledge or adjust to new circumstances which may arise. 
OPTIMIZE: To find a solution to a problem which maximizes (or minimizes) some explicit and 
measurable criterion conditional on certain environmental assumptions and a specified time 
horizon (cf. satisfice). 
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PARETO CRITERION: A measure of efficiency which requires that at least one person he 
made better off by an action, while no one else is made worse off (cf. potential Pareto 
improvement). 
PERSONAL EVALUATION ST A TEMENT: A written exposition which applies evaluation 
criteria to alternative proposals in a systematic and explicit way, and which results in a 
judgment as to which proposal should be selected. 
PHILOSOPHY: A basic theory concerning a particular subject or sphere of activity; a critical 
study of fundamental beliefs and the grounds for them; a way of thinking and a guide to 
action. 
POLITICAL RATIONALITY: A form of rationality based on qualitative analysis and 
concerned with finding satisfactory rather than optimal solutions to problems (cf. (_:conomic 
rationality). 
POLLUTION: The residuals of human activity which adversely affect the next user of some 
environmental resource. 
POTENTIAL PARETO IMPROVEMENT: A measure of efficiency based on a judgment as to 
whether an action would make at least one person better off even after (potentially) 
compensating those who would be made worse off (cf. Pareto criterion). 
PRELIMINARY PROPOSAL: A possible course of action that is worthy of consideration (cf. 
final proposal). 
PROJECT COORDINATOR: . The person who is charged with coordinating an evaluation 
project. 
PRESENT DISCOUNTED VALUE: The present value equivalent of a stream of future costs 
and benefits. 
PROCEDURE: A series of prescribed steps for guiding or accomplishing a scientific inquiry 
(cf. method, technique). 
PROPOSAL: A desired action (cf. alternative proposal). 
PUBLIC SERVICE FUNCTIONS: Environmental services provided by the biophysical 
environment (e.g., ecological processes and natural amenities) which enhance social well-
being. 
(PURE) PUBLIC GOOD: A good which is not owned by anyone, and which is not depleted or 
damaged by consumption (cf. common property resource). 
RELIABILITY: The degree to which a finding or result is capable of being replicated (cf. 
validity). 
RENEWABLE RESOURCE: A resource which is capable of conferring benefits in perpetuity. 
RESOURCE: Any good, service or environmental condition which has the potential to enhance 
social well-being. 
RESOURCE ALLOCATION: The act of prescribing resource uses and otherwise managing 
resources to enhance social well-being. 
RESOURCE DESTRUCTION: The unintentional depletion of a potentially renewable 
resource beyond some critical threshold necessary for its continued provision (cf. resource 
exhaustion). 
RESOURCE EXHAUSTION: The intentional or calculated depletion of a resource (cf. 
resource destruction). 
SA TISFICE: To find a solution to a problem which satisfies some criterion at a level which is 
judged to be acceptable (cf. optimize). 
SCOPING: A procedure for narrowing the scope of an assessment, and ensuring that the 
assessment remains focused on the truly significant issues or impacts. 
SCOPING COMMITTEE: A group of informed and responsible persons who guide the 
assessment process to ensure that investigations are relevant and (as data are obtained) to 
suggest ways in which proposals might be improved. 
SCORE/WEIGHT: The value given to an impact. 
SCREENING: A procedure for determining the appropriate level of assessment. 
SHADOW PRICE: The price which would be paid for a good if that good could be traded in the 
market. 
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SHADOW-PRICING TECHNIQUE: A procedure for estimating the value of an unpriced 
impact in monetary terms. 
SHADOW PROJECT: A project following some development which is designed to restore some 
public service function to its original condition, or provide it in a new location. 
SIGNIFICANT IMPACT: An impact which is regarded as important to social well-being; an 
impact that has crossed the threshold of significance. 
SOCIAL IMPACT ASSESSMENT: An assessment that is specifically directed at identifying and 
analyzing impacts to social groups. 
SOCIAL VALUE: A measure of value which encompasses the total effect of an outcome on 
society, including the extent to which benefits exceed costs, and consideration of the way 
costs and benefits are distributed (over groups comprising present-day society, as well as 
over multiple generations). 
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SOCIAL WELFARE FUNCTION: A statement of a society's objectives in which the level of 
social well-being is represented as a function of the way in which resources are allocated. 
SOCIAL WELL-BEING: The state of welfare in society. 
SOCIETY: The sum of all individuals, present and future, whose welfare could be affected by 
some resource allocation proposal. 
SOCIOECONOMIC ENVIRONMENT: That part of the environment which has its origin or 
being in human activities (e.g., social, economic, cultural and political objects and 
processes). 
STRATEGY: A general plan, philosophy, set of concepts or mode of action directed at 
achieving some end. 
SUBJECTIVE: A condition relating to or arising from one's self or mind (as opposed to 
phenomena that are independent of the mind). 
SUSTAINABILITY /INTERGENERATIONAL IMPROVEMENT: An increase in the 
likelihood that the flow of net benefits from resource use will be as great for future 
generations as it is for present generations. 
SUSTAINED YIELD: The management of a resource to maintain a flow of benefits in · 
perpetuity. 
TECHNIQUE: A specific procedure to be applied in a scientific inquiry (cf. method, 
procedure). 
THRESHOLD IMPACT: The first impact in a rank-ordered list of impacts which crosses the 
threshold of significance. 
THRESHOLD OF SIGNIFICANCE: The point at which a value is judged to become sufficiently 
significant or important to be worthy of evaluation. 
UNPRICED IMPACT: An impact which is not valued by the market, so that an evaluation of its 
utility requires a subjective value judgment; an impact which may or may not be amenable to 
shadow-pricing. 
UTILITY: The satisfaction, pleasure or need-fulfillment derived from consuming some quantity 
of a good. 
VALIDITY: The accuracy or truthfulness of a finding or result (cf. reliability). 
VALUE: The total utility which is yielded by a good. 
VALUE JUDGMENT: A statement of opinion or belief which is not capable of being falsified 
by comparison with fact. 
WEIGHT /SCORE: The value given to an impact. 
WELFARE: The state of an individual or society with respect to utility arising from utilization 
of the resource base. 

CHAPTER 1 
INTRODUCTION 
BACKGROUND TO THE STUDY 
The Initial Research Objective 
In 1981 the Estuarine and Coastal Research Uriit of the National Research Institute of 
Oceanology in Stellenbosch, South Africa initiated a two-year study into the problem of how to 
estimate the value of certain "environmental services..i found in the coastal zone. The study 
was wanted because scientists at the Estuarine and Coastal Research Unit felt that in reviewing 
applications for development in the coastal zone, authorities were giving inadequate 
consideration to many ecological processes and natural amenities of great value. The object of 
.the study was to develop practical ways and means of measuring the value of ''unpriced 
impacts" so that these could be more readily compared to monetary values, and better 
judgments could be made regarding the total effect of alternative resource allocation proposals 
on social well-being. 
Although many methods and techniques of "Environmental Impact Assessment" have 
been developed to provide information on both "monetizable" and "nonmonetizable" impacts, 
few have attempted to price or otherwise calculate the relative value of all the outcomes -
particularly incidental effects, or "externalities" - associated with a proposal. Since many of the 
external (or spillover) effects may be of great significance but are generally regarded as 
unmeasurable or incommensurable, it is difficult to judge whether the net social value of a 
proposal is positive. 
A literature review revealed that there has been much research into this type of problem, 
and several different theories, methods and techniques were examined with the object of 
discovering a sound and practical approach to evaluation that would be appropriate to South 
Africa (Dohan, 1977; Krutilla and Fisher, 1975; Sinden and Worrell, 1979; Skutsch and 
Flowerdew, 1976). Among the measures investigated were attempts to quantify or express the 
value of sc.enic views (Arthur et al., 1977; Linton, 1968; Litton and Burton, 1972), outdoor 
recreation (Brown and Nawas, 1973; Davidson et al., 1966; Krutilla and Cicchetti, 1972), 
wilderness or natural environments (Blackie, 1980; Jones, et al., 1978; Smith, 1977; Stankey, 
1972), ecosystem functions (S.A. Department of Planning and the Environment, 1975; Greeson 
et al., 1979; Hall, 1975; Hite and Laurent, 1971), and unique environments (Hamill, 1974; 
Leopold and Marchand, 1968). 
In reviewing this literature, it was noted that most evaluation methods and techniques have 
a First World orientation. South Africa has many characteristics of a developing or Third World 
country (Berger and Godsell, 1988; Malan et al., 1983; Page and Rabie, 1983; Sunter, 1987), and 
so these more sophisticated and costly approaches to evaluation were judged to be generally 
inappropriate. In addition, many of the approaches were designed to be applied to certain kinds 
of projects or to evaluate impacts to certain types of environments, and could not easily be 
transferred to other types of proposals or environments. In any case, the evidence in the 
literature suggests that no completely satisfactory approach to estimating the value of unpriced 
environmental services has yet been developed; inf act most Environmental Impact Assessments 
either do not attempt quantitative evaluations of the significance of impacts, or else use rather 
The term "environmental services" is meant to include all goods, services and conditions contributing to man's 
well-being that are provided directly by nature. (For a full definition of this and other terms that are italicized 
and set in inverted commas, see the Glossary.) 
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unsatisfactory techniques to do so (Bisset, 1980; Duinker and Beanlands, 1986; Rollick, 1981a; 
Lee, 1982). Furthermore, it appears that attempts to develop environmental evaluation 
methodologies which emphasize formal approaches to evaluation are now uncommon 
(Beanlands et al., 1984; Hallick, 1981a, 1986; Westman, 1985). 
This situation can be attributed largely to the inherent difficulty in measuring subjective 
value judgments. But in the development of most formal evaluation methods and techniques, 
there have been some fundamental shortcomings. Foremost among these are: 
• a lack of attention to first establishing a sound philosophical framework of acceptable 
principles and concepts within which one can then devise a rational strategy of resource 
management and a reliable research methodology for environmental evaluation; 
• a failure to adequately test the replicability, flexibility and user acceptability of the 
evaluation procedures used; and 
• a general unwillingness to provide guidance in making subjective valu_e judgments 
concerning the desirability of various outcomes associated with specific environme~tal 
resource allocation proposals, particularly concerning the relative significance of 
envi_ronmental impacts, and trade-offs between the different objectives of resource 
management. 
Although it may be true that it is impossible to perfectly measure the value of unpriced 
environmental services, it is also true that these services ~ being evaluated in some way 
whenever major resource allocation decisions are made; the question is whether it is possible to 
develop an approach to evaluation that would meet enough theoretical and practical objections 
to be regarded as useful. To be useful, an evaluation procedure would only have to represent an 
improvement over existing approaches to evaluation. 
In order to improve the prospects that an approach to evaluation will be theoretically sound 
and practical to implement, it is necessary to examine commonly-held principles, precepts and 
tenets of the evaluation process within the decision making environment. The first challenge, 
therefore, was to develop a suitable philosophical framework or paradigm to guide the 
formulation of specific solutions to the evaluation problem. 
A further examination of the ~iterature indicated that the principles and concepts of 
decision theory (Bell et al., 1977; Coyle, 1972; Edwards, 1967; Fardel and Gal, 1980; Kassouf, 
1970; Keeney and Raiffa, 1976; Raiffa, 1968), economic theory (Baumol, 1972; Baumol and 
Oates, 1975, 1979; Beckerman, 1972, 1974; Boulding, 1970, 1971; Coase, 1972; Coombs et al., 
1970; Cottrell, 1978; Day, 1978; Dohan, 1977; Gregory, 1979; Herfindahl and Kneese, 1974; 
Kelso, 1977; Kiely-Brocato et al., 1980; Kneese, 1977; Knetsch and Freeman, 1979; Krutilla, 
1967, 1972, 1975, 1979; Lutz and Lux, 1979; Mishan, 1969, 1975, 1977, 1981; Okun, 1975; Seneca 
and Taussig, 1979) and measurement theory (Alchian, 1953; Baird and Noma, 1978; Green and 
Tull, 1978; Guilford, 1954; Stevens, 1951, 1957, 1975; Thurstone, 1954; Thurstone and Jones, 
1959; Torgerson, 1958) off er a solid theoretical basis for resource evaluation and decision 
making. These disciplines have given rise to some particularly promising approaches to 
evaluation and decision making, and the initial research question was whether one or more of 
these approaches could be adapted to provide a satisfactory way to calculate the value or 
importance of unpriced impacts from developments in the South African coastal zone. 
For example, Decision Analysis provides a logical approach to applying preferences to 
alternatives when there are multiple objectives and limited information for conducting an 
evaluation (Bakus et al., 1982; Coyle, 1972; Edwards, 1967; Gardiner and Edwards, 1975; Miller 
and Ladd, 1984; Raiffa, 1968). Cost-benefit Analysis is a highly respected evaluation method 
that has been applied to a wide range of resource allocation problems (Abelson, 1979; Andrews, 
1982; Bohm and Henry,· 1979; Conopark and Reynolds, 1977; Kneese, 1984; Layard, 1972; 
Mishan, 1975; Pearce 1983; Sassone and Schaffer, 1978; Schramm, 1973). In recent years Cost-
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benefit Analysis has been strengthened by the development and widespread application of 
various "shadow-pricing techniques" (Batie and Shabman, 1982; Brookshire et al., 1980; 
Brookshire and Crocker, 1981; Brookshire et al., 1982; Brookshire et al.,1983; Cicchetti et al., 
1972; Farber, 1988; Fischer, 1974; Flowerdew, 1972; Freeman, 1985; Gosselink et al., 1974; 
Gregory, 1986; Gupta and Foster, 1975; Menz and Mullen, 1981; Sinden, 1974; Sinden and 
Worrell, 1979; U.S. C_ouncil on Environmental Quality, 1979). In addition, certain measurement 
techniques which derive from psychology, decision science and other disciplines can be used to 
determine the relative value of unpriced effects for which shadow prices cannot be obtained, and 
to measure other subjective phenomena (Baird and Noma, 1978; Guilford, 1954; Stevens, 1951, 
1957, 1975; Thurston and Jones, 1959; Torgerson, 1958). In particular, a method called "Delphi" 
seems uniquely suited to the problem of defining and evaluating the unpriced costs and benefits 
associated with resource allocation proposals (Bakus et al., 1982; Dalkey and Helmer, 1963; 
Dalkey et al., 1972; Hill and Fowles, 1975; Hogarth, 1978; Linstone and Turoff, 1975; Pill, 1971; 
Rohrbaugh, 1979; Salanick et al., 1971; Shafer and Moeller, 1981; Sutherland, 1975). 
After preliminary investigations into the nature of resource conflict and decision making in 
the coastal zone, it was decided that the problem of evaluating the relative utility of any unpriced 
resource was essentially the same irrespective of the type of environment. Therefore when the 
initial two-year study for the Estuarine and Coastal Research Unit was completed (Stauth, 
1982a, 1982b, 1982c), the subject of investigation was widened to encompass all resource 
allocation proposals, whether they involved environments that were coastal or inland, urban or 
rural, or social or natural. 
The Need to Develop a Rational Philosophical Framework for Guiding the Evaluation 
Process 
Although the central problem was still to find acceptable ways of measuring the relative 
value of impacts to unpriced environmental services, it was decided that this was inextricably 
linked to a larger probiem··of developing a practical research methodology of environmental 
evaluation, which would include, for example, both formal and informal methods for forecasting 
and defining impacts, and for applying and trading-off different evaluation criteria. 
Accordingly, the scope of the study was broadened to address this larger need. 
But in order to develop a research methodology that would be appropriate to South Africa, 
it was necessary to first consider the circumstances in which it would be applied. For example, 
the theorist needs to be aware of any practical constraints imposed by existing policies, 
legislation, and administrative structures; he also needs to know the extent of the data base, as 
well as the manpower, expertise and other resources available for evaluation activities. 
Although decision makers in South Africa have relatively little experience with environmental 
evaluation, and few resources are currently available for this purpose, the country is presently 
going through profound changes, and there are several indications that new policies, legislation 
and administrative structures will soon be in place. 
It seemed appropriate, therefore, to take cognizance of these new developments, and devise 
a recommended "strategy" of resource management consisting of policies and administrative 
procedures which would appear to be both viable and desirable under a wide range of 
circumstances; this in turn would provide the context for the development of a research 
"methodology" of evaluation.2 As part of this study, therefore, a philosophical framework was 
first developed to provide general guidelines for making better resource allocation decisions, 
and the management strategy and evaluation methodology are part of that framework. 
In order to develop this framework, it was felt necessary to explicitly state and analyze the 
rationale which underpins resource allocation proposals. Thus, to guide the development of a 
recommended management strategy and evaluation methodology, some judgments had to be 
2 Although developed for South Africa, both the resource allocation strategy and the environmental evaluation 
methodology appear to be appropriate for other countries as well (both First and Third world). 
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made pertammg to certain fundamental questions, such as: "What is the goal of resource 
allocation?" These judgments were based primarily on principles and concepts discovered in the 
literature on economics (Baumol and Oates, 1979; Boulding, 1971; Cottrell, 1978; Dohan, 1977; 
Dorfman and Dorfman, 1972; Fisher and Peterson, 1976; Freeman et al., 1973; Gregory, 1979; 
Herfindahl and Kneese, 1974; Kneese, 1977; Lipsey, 1979; Lutz and Lux, 1979; Mishan, 1977', 
1981; Page, 1977; Samuelson, 1973; Seneca and Taussig, 1979). Both the management strategy 
and the evaluation methodology are derived from explicitly stated premises, goal, objectives and 
criteria. 
The major challenges in developing a general environmental evaluation methodology are to 
define, to the satisfaction of decision makers and the general population: 
• the ultimate goal of resource allocation; 
• the specific criteria by which proposals should be judged; 
• general policies and procedures to guide or constrain decision makers; and 
• specific methods and procedures for applying evaluation criteria to competing resource 
allocation proposals. 
The goal, criteria, policies, and methods must be based on a firm theoretical foundation, and 
then must be demonstrated to be reasonable in practice, if they are to achieve wide acceptance as 
a basis for making resource allocation decisions. Evaluation procedures must also be 
comprehensive and flexible enough to be applicable to any kind of proposal, on any scale. A 
special challenge is to develop an acceptable procedure for making explicit evaluations of the 
relative significance of forecast outcomes. Finally, a systematic procedure is needed for 
comparing alternatives in terms of the selected criteria (or different objectives), making trade-
offs between these criteria/objectives, and then selecting the preferred alternative. 
On initial inspection these challenges may seem impossible to accomplish. Is it possible to 
obtain general agreement as to the goal of environmental resource allocation? If so, can we 
agree on specific objectives, and a comprehensive set of criteria for measuring whether a given 
proposal will carry us toward or away from that goal? What "measuring rod" can be applied to 
judgments as to the significance of outcomes, and can the same measuring rod be applied to all 
outcomes? Finally, what policies and decision rules should be adopted so that, for any two 
proposals, the different implications in terms of the agreed objectives or selected criteria can be 
compared and rational trade-offs made? 
As difficult as these tasks may appear, resource management necessarily entails addressing 
them in some way. Every resource allocation decision involves at least an implicit evaluation of 
alternatives in terms of some goal (often ill-defined) and some criteria (perhaps unstated) 
relevant to that goal, and in accordance with some policy or administrative procedure; and every 
resource allocation decision also involves some kind of scaling procedure (usually informal and 
even unconscious), or "weighing up" of the consequences of specific actions; and then finally 
some kind of trade-off procedure (usually very casual and perfunctory) is applied to select the 
preferred action. Since these tasks must be accomplished, consciously or unconsciously, it seems 
desirable to formalize their accomplishment as much as is possible by clearly identifying what is 
being done and why. This should lead to clearer, better decisions, and greater understanding and 
acceptance of these decisions. 
To sum up then, the first task in developing a resource management strategy and evaluation 
methodology is to define an acceptable goal for resource allocation activity, and to devise a set of 
criteria and policies that are relevant to the goal and that provide a clear guide to action. Then it 
is necessary to develop a set of evaluation procedures for applying the criteria to specific 
proposals. Of special interest are procedures for evaluating proposals which are especially 
controversial. 
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The Need to Develop a Formal Method of Evaluation for Especially Controversial 
Resource Proposals 
In the course of developing a research methodology for improving resource allocation 
decisions in South Africa, it was determined that there are two broad categories of resource 
allocation proposals. 
• The first category consists of proposals which may or may not involve significant impacts, 
but which in any case are not particularly controversial or complex, and therefore are not 
expected to be characterised by serious conflict or present serious problems of evaluation. 
For this category of proposal conventional methods of analysis, and ~'informal 
evaluations" by analysts and decision makers, will generally be accepted by all concerned 
parties. 
• The second category consists of proposals with potentially significant impacts which are 
extremely controversial and difficult to evaluate. Proposals of this type tend to polarize 
communities, leading to considerable confl~ct between opposing interest groups, and heated 
debate over the relative importance of various issues. For this category of proposal there is 
a need for a "formal evaluation" procedure which all parties will respect, and which can 
therefore also serve as a conflict resolution procedure. 
The topic that was ultimately selected for this dissertation was to develop a philosophy of 
evaluation and management for improving resource allocation decisions which would feature a 
formal method for evaluating especially complex and controversial resource allocation proposals 
in South Africa. 
OBJECTIVES OF THE STUDY 
This study had three principal objectives: 
• The first objective was to develop a general framework of evaluation and management that 
would constitute a practical and reliable guide to action, and thus provide an effective 
means for improving resource allocation decisions in the South African context. 
• The second objective was to devise, within this framework, a specific method for evaluating 
those resource allocation proposals which are highly controversial (because they involve 
resources of special importance, and will result in outcomes that are especially significant to 
one or more groups, but are difficult to evaluate) and which therefore require a formal 
evaluation. 
• The third objective was to apply the special method of formal evaluation in a number of case 
studies to determine whether the method is capable of producing replicable results (and 
meeting other tests for assessing its usefulness and acceptability), and whether the method 
is applicable to the full range of resource allocation problems in South Africa. 
SCOPE OF THE STUDY AND FOCUS OF THE DISSERTATION 
As indicated above, the scope of this study first shifted from a concern with the problem of 
determining values for unpriced environmental services in the coastal zone, to the much broader 
concern of developing a philosophy of resource management, a research methodology for 
environmental evaluation, and a formal method of evaluation for South Africa. As research 
progressed, the focus of the study again narrowed down to the problem of developing and testing 
techniques associated with the formal method for evaluating controversial resource allocation 
proposals. 
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In order to develop a rational approach.to environmental evaluation, and particularly to 
evaluating controversial resource allocation proposals, it was necessary to clearly formulate the 
general goal and objectives of resource allocation, as well as the criteria that should be applied to 
competing proposals. In addition, there was a need to identify any policy constraints on resource 
allocation, and suggest suitable administrative procedures for processing resource allocation 
proposals. Once this framework had been developed, then it was possible to design a method 
and appropriate techniques for accomplishing the central tasks of "assessment" and 
"evaluation". 
The following steps were involved in developing the resource management strategy, the 
environmental evaluation methodology, and the method for evaluating especially controversial 
resource allocation proposals (see Figure 1.1): 
• identifying a priori premises from which the goal of resource allocation could be 
determined; 
• formulating a clear and acceptable goal statement to guide resource allocation activities; 
• defining resource allocation objectives, and the evaluation criteria that can be derived from 
these objectives; 
• prescribing management policies that are based on the goal, objectives and criteria; 
• . proposing enabling legislation, as well as practical administrative procedures for processing 
resource allocation proposals; and 
• developing an evaluation methodology which consists of a range of appropriate assessment 
and evaluation procedures to guide the decision making process. 
While the general scope of the study was very broad, most of the research effort was on 
developing the formal method for evaluating especially complex, contentious or otherwise 
difficult and socially significant resource allocation proposals. Therefore, the focus of the 
dissertation is on developing and testing the formal evaluation method, while other aspects of 
the management strategy and evaluation methodology are less fully developed. 
CONSTRAINTS ON THE STUDY 
The multidisciplinary nature of the study meant that it was necessary to investigate a 
number of topics and fields of thought for which there is an extensive literature. It was obviously 
not possible to review the entire literature, or to become equally proficient in all areas. 
For various personal reasons this study spanned a period of nearly nine years (from early 
1981 until late 1989) and. therefore the initial literature review was undertaken many years 
before the study was completed. Earlier sources are more frequently cited because they were 
instrumental in formulating the study design and inspiring ideas that led to the development and 
testing of various aspects of the strategy, methodology and method. In addition, toward the end 
of the study it became increasingly difficult to obtain information from overseas sources due to 
the growing economic and cultural boycott of South Africa. 
Another major constraint on the study was the fact that research funds were limited, and 
there were few opportunities to apply evaluation techniques except in studies that were 
commissioned to accomplish other objectives. This meant that there were serious limitations on 
the amount of experimentation that could be done; this was a particular handicap in determining 
what factors are of importance in achieving replicable results from a particular technique. It was 
decided that rather than compare several techniques under different conditions in order to 
discover which technique is better under which conditions, the research strategy would be to 
study a promising evaluation technique in depth in order to delineate its region of applicability 
and more thoroughly assess its general efficacy. 
IDENTIFY: 
A- PRIORI PREMISES 
to provide an 
acceptable foundation 
GOAL 
to determine direction 
for resource allocation 
OBJECTIVES 
to further the goal of 
resource a!location 
CRITERIA 
to determine whether a 
proposal helps attain the go"al 
________ __, 
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DEVISE: 
MANAGEMENT STRATEGY 
--------- for the wise allocation 
of resources 
DEVELOP: 
EVALUATION METHODOLOGY 
fol' applying evaluation 
criteria to specific proposals 
FORMAL INFORMAL 
METHODS METHODS 
POLICIES LEGISLATION AO MINIS TRATIVE 
PROCEDURES 
FIGURE 1.1 Formulating a Philosophical Framework for Guiding Resource Allocation 
Decisions 
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PLAN OF DEVELOPMENT 
This dissertation consists of seven chapters. Following is a brief description of each of the 
remaining chapters. 
In Chapter 2, the central problem that is addressed by this dissertation is defined. This is 
the problem of how to decide which of two or more resource allocation proposals should be 
selected, particularly when the alternatives are mutually-exclusive and highly controversial. 
In analyzing this problem, two different approaches to environmental evaluation are 
suggested - "formal" and "informal" - depending on the degree of controversy associated with a 
proposal. A distinction is made between "Environmental Impact Assessment" and 
"environmental evaluation", and the special difficulties relating to the development of a formal 
method of environmental evaluation are discussed. 
In Chapter 3, the research problems which have been identified are analyzed in terms of 
certain theoretical concepts found in a general review of the literature. Decision theory, 
economic theory and measurement theory provide the major principles and concepts which are 
relevant to the development of an evaluation methodology. 
Special attention is given to examining those concepts which are particularly germane to the 
central problem of developing a formal method of evaluation for controversial resource 
allocation proposals. Several promising methods and techniques for accomplishing specific tasks 
which are related to the central research problem are identified, and these are briefly described. 
These include Delphi, Nominal Group Technique, and Cost-benefit Analysis, as well as various 
shadow-pricing techniques and methods for constructing ratio scales for nonmetric stimuli. 
Chapter 4 is concerned with bringing various theoretical concepts together to form a unified 
basis for the development of a rational approach to environmental resource management. These 
concepts are first used to define the goal of resource allocation and the evaluation criteria that 
should be applied to resource allocation proposals. Then a recommended resource management 
strategy is described to provide the general context for applying an environmental evaluation 
methodology. 
Attention then turns to the methodology itself, and the task of developing procedures for 
evaluating specific resource allocation proposals. The principal methodological concern is to 
develop a set of special procedures for evaluating those resource allocation proposals which are 
considered particularly problematic and controversial. 
Certain procedures are then developed and applied to two case studies. The results of these 
case studies arc analyzed, and the strengths and weaknesses of the procedures used are discussed 
to provide direction for developing a formal method of evaluation. 
In Chapter 5, a method for conducting formal evaluations of controversial resource 
allocation proposals is presented, along with a case study which illustrates how the various 
procedures which comprise the method are to be applied. The method - called the Panel 
Evaluation Method - has been designed to provide a satisfactory way of accomplishing the three 
major objectives associated with evaluating controversial resource allocation proposals: 
• to identify and define all impacts of possible concern; 
• to determine the relative significance of these impacts; and 
• to judge which of the alternative proposals best satisfies the specified evaluation criteria. 
Three techniques have been devised for accomplishing these objectives, and the procedures 
involved in applying each of the techniques are described in general terms. Particular attention 
is given to the technique for judging the relative significance of impacts: the Significance 
Measurement Technique. Emphasis was given to developing and testing this technique because 
the initial research objective was to find a suitable way to determine the value of unpriced 
environmental services. In addition, it was felt that if this could be satisfactorily accomplished, 
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such a technique would serve to link and strengthen Environmental Impact Assessment and 
Cost-benefit Analysis, and so constitute a substantial contribution to knowledge. 
~ter a general description of the Panel Evaluation Method, there is a detailed description 
of how the method can be used to accomplish nine tasks that are identified as being of special 
importance in a formal evaluation. After the description of each task, the results of a case study 
are presented to illustrate how the relevant procedures for accomplishing that task can be 
applied. 
Because of the fundamental difficulties involved in judging the relative significance of 
impacts, and the central importance of this task, the chapter concludes with an assessment of the 
effectiveness of the Significance Measurement Technique, and a discussion of different possible 
applications of the technique. 
In Chapter 6, an analysis of three additional case studies is presented. These studies were 
undertaken to further assess the usefulness of the Panel Evaluation Method and the reliability of 
its techniques. The focus of these investigations was on the Significance Measurement 
Technique, and in this case replicability was assessed by calculating product-moment correlation 
coefficients for significance measurements accomplished by different panels. 
A special effort was made to apply the method to resource allocation proposals which 
differed in fundamental ways from those evaluated previously; this was done in order to 
demonstrate the general applicability of the method and the extent to which specific procedures 
could be adapted to suit particular circumstances. 
In some instances, other techniques were used in conjunction with those of the Panel 
Evaluation Method to demonstrate the general flexibility and adaptability of the method. There 
was also an attempt to develop improved variations of the principal procedures comprising the 
method: ways were found to speed the impact identification and definition process, and two 
fundamentally different ways of evaluating the relative efficiency of proposals were developed 
and applied. 
Finally, there was concern as to whether two .panels might come. to very different . 
conclusions about the identity or significance of impacts, or whether they might be influenced in 
some way by the "project coordinator" or some other factor. Therefore a programme of 
testing was developed which involved appointing different panels and project coordinators to 
apply the same procedures to the same evaluation problem so that some assessment could be 
made of the extent to which key judgments were replicable. 
In Chapter 7, the major findings are discussed and the principal conclusions of the study are 
presented. The proposed management strategy and evaluation methodology are judged to 
provide a theoretically-sound and practical approach to managing environmental resources, and 
the Panel Evaluation Method is judged to provide a reliable and cost-effective way to evaluate 
controversial resource allocation proposals. 
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CHAPTER 2 
THE PROBLEM OF EVALUATING RESOURCE 
ALLOCATION PROPOSALS 
OVERVIEW 
This chapter begins by exploring the nature and context of the resource decision making 
problem, and identifying two major approaches that can be taken to evaluating resource 
allocation proposals. Key terms are defined, and concepts important to the development of an 
environmental evaluation methodology are discussed. These include "contr<?versial" and 
"noncontroversial" proposals, "formal" and "informal" evaluations, and "Environmental ·Impact 
Assessment" and "environmental evaluation''. 
The chapter is centrally concerned with the problem of how to accomplish a satisfactory 
evaluation of those resource allocation proposals which are extremely complex and 
controversi<tl. As defined in this dissertation, "controversial resource allocation 
proposqls" typically involve serious disputes between two or more groups over inherently 
incompatible uses of a set of resources, so that there is little prospect for a compromise solution. 
In addition, the implications of the decision are often of potentially great significance to society 
as a whole, and it is usually not obvious which proposal would be in the best long-term interests 
of society. 
The chapter concludes with a brief description of the general requirements of an 
environmental evaluation methodology, and the nature of the principal challenges associated 
with evaluating especially controversial resource allocation proposals. 
THE NATURE OF RESOURCE ALLOCATION PROPOSALS 
The Potential for Controversy 
The term "resource allocation" refers to the process of utilizing a set of resources in a 
particular way to achieve some objective. A "resource" is anything that may be regarded as 
beneficial or useful by any group, and therefore includes "public service functions" (such as 
ecological processes and natural amenities). Resource allocation proposals often have 
significant implications for environmental services, and these potential "environmental 
impacts" generally give rise to some level of controversy. 
Resource allocation proposals often involve a complex mixture of resources. A single 
proposal, for example, can require the extraction; alteration or destruction of such resources as 
minerals, soil, water, wildlife, indigenous vegetation, historic buildings, clean air, peace and 
quiet, scenic vistas and recreational space. Some of these resources are especially valued by 
certain groups (e.g., industrialists, farmers, conservationists, or recreationists) who may wish 
these resources to be employed in some alternative use. The question is, how does the 
"decision maker" (the person or organization vested with management responsibility) 
determine what would constitute the best use of these resources? 
When a new development is proposed that would impact an area that is regarded as sensitive 
because of its special values, or that would have some other effect on the "environment" that 
could be regarded as a "significant impact", there is a potential conflict that involves three 
groups: those who would gain from the proposal, those who would lose, and those who have 
jurisdictional responsibilities relating to the proposal. While it is obviously in the interests of 
each of the contending parties to "win" the conflict, each also wishes to avoid costly battles and 
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an unjust def eat. At the same time, the responsible authorities normally wish to minimize 
involvement in controversial issues, and avoid antagonizing or alienating any interest groups. 
All three groups thus want to minimize the conflict, and there is incentive to adopt some 
mutually-acceptable procedure for evaluating the options and bringing about a just and equitable 
solution. Therefore, all groups have a substantial interest in finding a way to ensure that a fair 
hearing, rational debate, .and just decision will be provided in a timely and cost-effective manner. 
There are several difficulties inherent in formulating resource allocation proposals, and 
ensuring that the best alternatives are identified and given proper consideration. Although there 
is usually some person (or small group) with ultimate responsibility for the final decision as to 
how to allocate a particular set of resources, resource decision making almost never consists of a 
single decision, but usually requires a large number of decisions to be made in a certain 
sequence, and very often involves a large number of persons interacting at different levels. A 
major difficulty in resource decision making is coordinating the interrelations between these 
individuals so that the most promising resource allocation proposals are generated and 
presented to the ultimate decision maker. 
Once alternatives are formulated - within the framework of any legal, political, or 
administrative constraints that may exist - there is the difficulty of developing and applying a 
procedural mechanism for forecasting and evaluating the outcomes associated with each 
alternative in a way that is clear and acceptable to all concerned parties. This is a very difficult 
problem because the future is clouded with uncertainty, and because value preferences are not 
easy to measure or express. In addition, there are generally limited resources available for 
' _,--investigations and of ten a lack of expertise for conducting needed assessments of the 
alternatives. Cost-effective administrative procedures are therefore needed to ensure that the 
appropriate level of effort is expended on assessments, and that the affected publics have an 
opportunity to be heard. 
Another general difficulty is that the final evaluation and decision is often not subject to 
public scrutiny, so that there art! often: misconceptions about the reasons for the decision that is 
taken, and the controversy flares up instead of being resolved. It is therefore desirable to adopt· 
st.andard procedures for making the evaluation and decision making process clear and explicit. 
Finally, after a proposal has been approved, there is a need to apply reliable and efficient 
procedures to regulate and monitor approved actions so that controversy is not renewed due to 
poor mitigation during implementation, or to unforseen impacts which may arise. 
Distinguishing Between Controversial and Noncontroversial Proposals 
Almost all resource allocation proposals generate some degree of controversy because there 
is usually one or more groups thatwill be adversely affected. A group may, for example, be 0,. 
subjected to pollution impacts (such as smoke and odours from a factory), or lose the use of 
some "common property resource" that it now enjoys (such as a wilderness area or a 
neighbourhood rich in buildings from another era). In fact, resource allocation disputes arise 
because impacts to "environmental resources'', whether part of the "biophysical 
environment" or the "socioeconomic environment", are perceived to be especially 
significant or fall with different weight on different groups comprising society. 
Noncontroversial Proposals · 
Very often, however, the issues associated with a resource allocation proposal do not 
generate much interest or concern, and so the controversy is muted; in still other cases, the 
-differences between competing proposals can be largely reconciled so that controversy is 
defused. In this dissertation, both ·of these types of cases will be referred to as 
"noncontroversial resource allocation proposals". In such cases the decision maker is 
faced with a fairly straightforward situation in which most or all of the following conditions 
obtain. 
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• There is a real problem and a clear need for some action. 
• The "proposal" is the only "realistic" solution to the problem (i.e., there are no 
fundamentally different "alternative proposals" for meeting this need which are 
considered viable or desirable). 
• There are ways to avoid, or reduce the severity of, adverse impacts to levels that would be 
acceptable to the major social groups that would be affected, or to adequately compensate 
affected parties. 
• There are no major competing proposals for utilizing the area or the resources that would 
be involved. 
For example, a community may need to supplement its water supply, and the only solution 
that is technically and economically viable is to build a water storage ·scheme in a nearby 
catchment; although this action would result in adverse environmental impacts and foreclose 
alternative uses of certain resources in the catchment (e.g., farming activities or housing 
developments in the basin, white-water rafting or other river-based recreation), measures can be 
taken to satisfactorily "mitigate" impacts or "compensate" those who would bear impacts, and 
there are no strongly competing demands on the area or its resources (e.g., forestry or 
conservation needs). 
Controversial Proposals 
But occasionally a resource allocation proposal will trigger a strong reaction amongst one or 
more publics, and generate highly emotional debate on several major "environmental issues". 
This debate can then lead to a situation of extreme conflict and polarization between the 
principal parties, and the decision maker often comes under great pressure and criticism from 
these contending groups. Jn such cases (which in this dissertation will be ref erred to as 
controversial resource allocation proposals), the decision maker is faced with a far more 
complex and difficult situation, characterized by the following conditions. 
• There are two or more proposals which involve fundamentally different uses of the same set 
of resources, so that the proposals must be seen as inherently incompatible and mutually 
exclusive. 
• There are two or more groups with different interests in the proposals, and members of 
these groups feel strongly that their well-being would be seriously diminished by one of the 
proposals. 
• There is no way to measure or evaluate, in a purely objective manner, the relative merits of 
the claims and arguments made by the contending parties. 
• There is no way to mitigate impacts, or compensate those who would bear impacts, that 
would satisfy the aggrieved parties. 
The most familiar type of controversial resource allocation proposal is the "development 
proposal" which would damage or destroy resources which are considered irreproducible and 
irreplaceable. There is invariably a competing "conservation proposal", and in these situations 
there is often little room for compromise. An example is the Palmiet River controversy, in which 
a water storage scheme would inundate a sizable portion of the best preserved fynbos reserve 
left in South Africa (see Case Study 4 in Chapter 6). Many conservationists feel strongly that 
this reserve should not be violated, and that water users should pay the much higher monetary 
cost of desalinated water so that this valuable asset will not be lost. But many water users do not 
value the fynbos, and do not wish to pay the substantially higher water bills that would result if 
water needed to meet projected demand were obtained from unconventional sources. 
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In such a situation, the initial emphasis should still be on finding some compromise solution, 
or acceptable offer of compensation (such as a "shadow project" that would rehabilitate other 
such areas). But if it is not possible to find a suitable compromise, then an evaluation of the 
leading alternatives (preferably alternatives selected by the respective proponents) should be 
undertaken. This would involve a systematic assessment and "analysis" of the data, followed by 
an explicit "appraisal" of the social welfare implications of the proposal and the principal 
alternatives to determine what course of action would be in the overall best interests of society. , 
The evaluation procedure adopted should be open and acceptable to all concerned parties. '1 
THE NEED FOR A PRACTICAL AND COMPREHENSIVE METHODOLOGICAL 
FRAMEWORK TO GUIDE ENVIRONMENTAL EVALUATIONS 
Any procedure for evaluat.ing resource allocation proposals (whether controversial or 
noncontroversial) should be directed at answering the following questions: 
• What is the nature of the development and the area that will be affected? 
• What will be gained and what will be lost if the development is approved? 
• Who will be the gainers and who will be the losers? 
• What will be the significance of these gains and losses to specific groups? 
• Are there ways of mitigating losses or compensating losers, and are the costs of 
mitigation/compensation reasonable? 
• For society as a whole, will the gains outweigh the losses? 
• What are the implications for future generations? 
These are complex questions, and there is generally limited time and money available to 
provide the answers. If the proposal is not especially controversial; then an informal evaluation 
may suffice; but if the situation is particularly controversial, and involves resources of some 
importance, then a formal evaluation should be conducted. 
Formal and Informal Evaluations 
Both formal and informal evaluation procedures are directed at essentially the same object: 
to forecast the consequences of an action, determine the relative significance of these 
consequences, and judge the ultimate social worth of the action. But, as defined in this 
dissertation, these two general approaches to evaluation differ in important ways. 
The object of an informal evaluation is to "satisfice", or find a satisfactory solution to a 
resource allocation problem. An informal evaluation is characterized by the application of 
individual judgments in a relatively ad hoc or unsystematic manner; in addition, the principal 
judgments which give rise to a decision or position are usually not clearly formula.ted, so that 
underlying attitudes, opinions and values tend to be obscured in any pronouncements on the 
subject of the evaluation. 
By contrast, the object of a formal evaluation is to "optimize", or attempt to find the "best" 
solution to a resource allocation problem. A formal evaluation is characterized by individual or 
group judgments which are applied in a rigidly-defined and systematic manner; in addition, the 
process requires that subjective value judgments are made explicit. The basis for the judgments 
should also be made clearly apparent. 
Because the basic orientation differs, formal and informal evaluations utilize very different 
procedures for approaching resource allocation problems. The most fundamental difference is 
that informal evaluations rely largely on qualitative methods of valuation whereas formal 
\ 
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evaluations rely more on quantitative methods. In formal evaluations, therefore, there is an 
emphasis on expressing value judgments in numerical terms. 
Enviro~mental Impact Assessment and Environmental Evaluati~n 
Environmental Impact Assessments are concerned with providing data which can be used to 
undertake either a formal or an informal evaluation.1 Usually, an Environmental Impact 
Assessment is directed at gathering fact and opinion to assist decision makers in undertaking an 
informal evaluation of the options (Bisset, 1987; Burton et al., 1983; Munn, 1975). If the 
proposal is regarded as being relatively noncontroversial, then an Environmental Impact 
Assessipent and informal evaluation will suffice. 
Although Environmental Impact Assessment sometimes includes explicit evaluations 
(Clark, 1984; Bisset, 1987; Shopley and Fuggle, 1984) - and indeed some level of evaluation is 
obviously always implied - as defined in this dissertation there is an important difference in the 
requirements of an "environmental evaluation" and those of an Environmental Impact 
Assessment. Environmental evaluation is defined as the process of "obtaining, organizing and 
weighing information on the consequences, or impacts, of alternatives" (McAllister, 1980:3). 
The key word in this definition is "weighing", which implies determining the value or relative 
significa'lce of impacts. 
Environmental Impact Assessment does not always involve a procedure for comparing the 
significance of the impacts, or judging the social value of a proposal, in either qualitative or 
quantitative terms. Bisset (1987:8-9) says that Environmental Impact Assessment methods are 
"structured mechanisms for the identification, collection and organization of environmental 
impact data". Munn (1975:23) defines Environmental Impact Assessment as "an activity 
designed to identify and predict the impact on man's health and well-being of legislative 
proposals, policies, programmes, projects and operational procedures, and to interpret and 
communicate information about the impacts". In these definitions there is no requirement for 
the impacts to be weighed or explicitly evaluated. An Environmental Impact Assessment 
document obviously provides (and in fact is designed to provide) information that can be used to 
evaluate alternatives, and will almost always contain implicit (and sometimes explicit) value 
judgments; but very of ten, Environmental Impact Assessments do not provide a comprehensive, 
systematic and numerical evaluation - i.e.; a formal evaluation - of the proposals under 
,consideration. 
All evaluations involve some kind of "weighing up" of values and trading-off of criteria, but 
a formal evaluation is accomplished with a set of clearly-defined procedures designed to make 
the evaluation process logical and transparent, while an informal evaluation is done less 
systematically and openly. A formal evaluation thus aims at accomplishing a thorough and 
explicit application of specified evaluation criteria using procedures that are acceptable to all 
concerned parties. The Environmental Impact Assessment always plays a vitally important role 
in informing the evaluation process, but when proposals are highly controversial there should - in 
addition to an Environmental Impact Assessment - always be a formal evaluation of the principal 
alternatives under consideration. 
Several methods and techniques of Environmental Impact Assessment do incorporate 
formal evaluation procedures - e.g., the Environmental Evaluation System (Dee et al., 1973) -
but these have generally been designed for special types of resource allocation proposals (and so 
lack general applicability), and/or do not utilize procedures which adequately address all of the 
tasks necessary to accomplish a satisfactory evaluation when proposals are controversial. 
Specifically, many evaluation procedures associated with Environmental Impact Assessment 
tend not to provide a thorough and credible approach to accomplishing all of the following tasks: 
Appendix A presents a brief history of the development of Environmental Impact Assessment and environmental 
evaluation. 
is 
• precisely defining impacts in terms of social costs and benefits; 
• evaluating the relative significance of these impacts; and 
• applying and trading-off explicit evaluation criteria. 
In addition, formal evaluation procedures that are associated with Environmental Impact 
Assessment methods are often applied by persons whose judgments many not be respected or 
accepted by the principal concerned parties, or they involve algorithms which may be regarded 
with suspicion. Finally, most of the well-known environmental evaluation procedures were 
developed for application in the First World, while in the Third World the lack of skills and 
money may make them seem too cumbersome, inflexible and costly. 
The Need to Develop Both Formal and Informal Approaches to Evaluating Resource 
Allocation Proposals 
To sum up so far, two broad categories of resource allocation proposals can be defined: 
• those which appear to be of little interest or are characterised by issues for which 
compromise solutions seem to be possible; and 
• those which have the potential of becoming highly contentious and disruptive issues in 
society. 
It is suggested that for essentially noncontroversial proposals, all that is really required is to 
develop systematic and cost-effective procedures to guide informal evaluations of alternative 
resource allocation proposals, to improve the prospects that superior (and at least satisfactory) 
proposals will be identified and implemented. These low-cost, informal evaluations would be 
conducted at all stages of the resource development process, such as the conceptualization and 
planning stages, the assessment and decision making stages, and the implementation, monitoring 
and decommissioning stages. The <>bject would be to provide a set of simple and clear 
procedures to ensure that environmental considerations are being taken into account throughout 
the development process, and weighed or evaluated against other planning, decision and 
management criteria. ' 
For especially controversial proposals, however, there is in addition a need to develop a 
formal method of evaluation, acceptable to all concerned parties, for undertaking an explicit 
appraisal of the social value of the most promising proposals identified in the planning stage. 
This formal evaluation would constitute a special input to the decision stage, and although it 
would be associated with the assessment stage, it should be regarded as a process which is 
distinct .from the conventional Environmental Impact Assessment process. To be acceptable, 
this formal evaluation method must be perceived as being relevant, trustworthy and practical to 
apply. This means that such a method should be capable of providing an evaluation that is 
comprehensive, explicit, unbiased, systematic, reliable and cost-effective. In addition, 
particularly for Third World countries like South·Africa, it should also be capable of dealing with 
situations in which there is a lack of objective, verifiable data and a shortage of expertise for 
conducting investigations and evaluations. 2 
The Challenge of Developing a Formal Evaluation Procedure 
Two of the most challenging tasks of a formal evaluation are to accurately forecast the 
consequences of the proposed action (as well as those of alternatives to the proposed action), 
and then clearly and unequivocally evaluate the relative significance of these consequences. 
Several attempts have been made to develop quantitative methods and techniques for 
accomplishing formal evaluations within Environmental Impact Assessment, but none have 
2 Appendix B presents a detailed discussion of the requirements of an environmental evaluation methodology that 
would be comprised of both formal and informal evaluation procedures. 
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achieved widespread acceptance (Hollick, 1986:163). It is unfortunate, in view of the great 
number of resource allocation proposals which are highly controversial, that there has not been 
more success in developing a formal method of evaluation that has general applicability and 
widespread appeal. But theoreticians face several formidable difficulties which may seem 
impossible to overcome: 
• to develop a method that is capable of being applied to any resource allocation problem 
under a wide range of practical constraints (e.g., limited money, time and manpower); 
• to provide sound guidance in how to express subjective value judgments in numerical terms; 
• to develop acceptable evaluation criteria, and provide some mechanism for applying these 
criteria in order to unambiguously identify the pref erred proposal; and 
• to demonstrate that the method is capable of producing reasonably replicable results. 
The question is, given the great complexity inherent in satisfying the above requirements for 
developing a formal evaluation procedure, is it possible to identify an approach to forecasting 
and evaluation that will be judged sufficiently valid and reliable to be useful?3 The next chapter 
is concerned with identifying theoretical concepts which can provide direction for satisfying 
these requirements. 
DISCUSSION 
This chapter has been concerned with defining the central problem addressed by this 
dissertation, exploring the context of this problem, and establishing the general rationale that 
guided research into the problem and eventually led to a proposed solution. Attention has been 
drawn to the great complexity of resource decision making, and the need for resource 
management decisions to be informed by a practical methodology for environmental evaluation 
based on explicit evaluation criteria. In addition, special procedures are needed for evaluating 
resource allocation proposals which are particularly complex and controversial. 
Although many resource allocation conflicts can be pre-empted by careful planning, or 
ultimately resolved through sympathetic assessment and patient negotiation, there are some 
cases - usually the classic "development vs. conservation" situations - when two or more groups 
are not prepared to compromise, and the alternatives they put forward differ in such 
fundamental ways that they must be regarded as mutually exclusive. In such cases there is 
usually strong disagreement as to which alternative would be in the best overall interests of 
society, and very often a major and irreversible commitment of resources is involved. 
Thus two very broad but important categories of resource allocation proposals have been 
defined: those which are relatively noncontroversial, and those which are highly controversial. 
The former category does not present any significant problems of evaluation or decision making, 
and therefore relatively informal and narrowly-based evaluations will usually suffice to guide the 
decision making process. _But with highly controversial resource allocation proposals, 
contending groups are mistrustful of an informal evaluation process and inclined not to accept an 
unfavourable decision. For these cases there is a need for a formal evaluation procedure that 
will be respected and accepted by all concerned parties. 
As defined in this dissertation, then, evaluations can be either informal or formal. An 
informal evaluation is characterized by the application of individual judgments in an ad hoc or 
unsystematic manner; in addition, the major subjective judgments which give rise to a decision or 
position are usually not clearly communicated, so that the underlying attitudes, opinions and 
values in any pronouncements on the subject of the evaluation tend to be obscured. A formal 
3 Appendix C elaborates on the need for a formal method of evaluation which will have widespread acceptance, and 
discusses in greater detail the principal considerations in developing such a method, and the specific obstacles 
that must be overcome. 
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evaluation, by contrast, is characterized by individual or group judgments which are applied in a 
rigidly-defined and systematic manner; in addition, the process requires overt expressions of the 
major judgments involved, so that subjectiv·e value judgments are made explicit. 
Over the past few years, there has been a trend away from more sophisticated (and 
quantitative) formal evaluations toward simpler (and more qualitative) informal evaluations 
(Bisset, 1980; Lee, 1982; Hallick, 1986). Common practice is to rely on Environmental Impact 
Assessments to provide the information needed to conduct informal evaluations (or relatively 
unsophisticated formal evaluations), even for controversial resource allocation proposals. These 
evaluations, performed by environmental planners and analysts (and then again by decision 
makers, when reviewing the impact report), can provide the basis for a process of negotiation 
and compromise with concerned parties to find a satisfactory solution to the resource allocation 
problem. 
The experience to date indicates that this approach is appropriate to most resource 
allocation decisions, but not to all: there are many examples of decisions which have been hotly-
contested because affected parties felt that the evaluation process was inadequate. For example, 
in South Africa there has been considerable controversy over proposals to allow diamond mining 
in an area wanted for a national park, to develop a granite quarry in an historic wine-farming 
area, to create a marina in an urban wetland, to flood a valley acclaimed for its conservation 
value, to allow a modern housing development in a rustic coastal village, and to build a four-lane 
highway through an exclusive metropolitan residential area (see the case studies in Chapters 4, 5 
and 6). The great conflict that has arisen in situations such as these indicates that the evaluation 
process associated with current Environmental Impact Assessment methods is inadequate, and 
there is a real need for a more formal and sophisticated method of evaluation that can be applied 
to resource allocation proposals which prove to be especially controversial. 
To sum up, the central problem addressed in this dissertation is that some resource 
allocation proposals are especially contentious and intractable, and give rise to substantial 
controversy and dissension. This creates a situation which presents great difficulties to the party 
responsible for making the decision, as well as great anxiety and distress amongst those who will 
be affected by the decision. Under such circumstances a full and rigorous evaluation is 
eminently to· be desired, using procedures that are clearly understood and acceptable to all 
concerned parties. There is thus a need for a formal method of evaluation, especially designed 
for controversial resource allocation proposals, that will be regarded as both reliable and 
satisfying by decision makers and affected parties. 
To prepare the way for the development of a formal method of evaluation, this chapter has 
been concerned with examining the general nature of the resource decision making process, and 
particularly the relationship between environmental assessment, environmental evaluation and 
decision making. The next chapter is concerned with establishing the theoretical foundations of 
a general environmental evaluation methodology which will feature a specific method for 
evaluating con!roversial resource allocation proposals. 
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CHAPTER 3 
THE THEORETICAL FOUNDATIONS FOR THE 
DEVELOPMENT OF AN ENVIRONME~TAL 
EVALUATION METHODOLOGY 
OVERVIEW 
In order to gain general approval and acceptance, an environmental evaluation methodology 
for improving resource allocation decisions needs to be regarded as being theoretically sound. 
The theoretical foundations for the development of an evaluation methodology are discussed in 
this chapter. 
Since resource decision making involves choosing between alternative allocations of scarce 
environmental resources, and since this involves making judgments as to the relative social value 
of the anticipated outcomes for each alternative, the essential nature of the problem is to 
develop a suitable approach to decision making, evaluation and measurement. This involves 
formulating 
• decision procedures (to guide decision making) 
• evaluation procedures (to inform the decision making process), and 
• measurement procedures (to inform the evaluation process). 
The major theoretical constructs used in the development of the evaluation methodology, 
therefore, are derived from decision theory, economic theory, and measurement theory .. 
The chapter begins by examining the general nature of decision making, and exploring 
alternative ways that resource allocation decisions can be made. The kinds of questions that 
should be asked when considering a controversial resource allocation proposal are identified, 
and this serves to highlight the great complexity of the problem. 
Then two broad approaches to resource decision making are identified and discussed. One 
is a procedure based on principles of "political rationality", which is directed at searching for a 
course of action that, while probably not optimum, will be widely regarded as "satisfactory". The 
other is a procedure based on principles of "economic rationality", which can be used to 
determine which of two or more competing proposals is in the "best" interests of society, For 
practical reasons, it is suggested that the general environmental evaluation methodology should 
be based on the first approach. But since controversial resource allocation proposals are by 
definition not acceptable to some parties, it would seem reasonable to base a formal evaluation 
·method for this special class of proposals on the second approach. 
This chapter is primarily concerned with developing the theoretical foundations for an 
approach to evaluating controversial resource allocation proposals. In decision theory, methods 
and techniques which use principles of economic rationality can be divided into two types. The 
first type has been designed to utilize the measurements or judgments of decision makers (e.g., 
Decision Analysis and choice-criterion models), whereas the second type has been designed to 
utilize the measurements or judgments of a group of "expert advisors" (e.g., Delphi and Nominal 
Group Technique). Because contending parties involved in resource allocation disputes are 
likely to favour more broadly-based evaluations, the second type of evaluation model is 
discussed in more detail. 
Attention then turns to economic theory, which provides a way of thinking and a practical 
guide to action that is eminently suited to the search for improved resource allocation decisions. 
Cost-benefit Analysis and shadow-pricing techniques utilize measurements of value provided by 
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the market (or judgments by individual consumers) to guide resource allocation decisions. The 
strengths and weaknesses of these approaches to evaluation are discussed. 
Finally, the problem of estimating the value of nonmonetizable impacts is addressed. In 
order to clearly and unambiguously identify which of two or more resource allocation proposals 
has the greater social value, it is necessary to measure all the costs and benefits of these 
proposals so that their net value can be calculated and compared. This leads to recognition ·of 
the central difficulty that must be faced in developing a useful method for evaluating 
controversial resource allocation proposals: viz., obtaining reliable and acceptable measures of 
utility or significance through some sort of measuring or scaling technique. Accordingly, there is 
an examination of the principles of measurement theory, and a review of methods that have been· 
developed which may be used for measuring subjective phenomena such as value judgments. 
DECISION THEORY 
The Nature of Decision making 
Decision making is the act of selecting one from among a set of feasible courses of action 
(Martino, 1972:332). There are many approaches to decision making, but all are concerned with 
forecasting and evaluating the possible outcomes of alternative actions in terms of one or more 
objectives, and all are based on some set of premises and decision rules (which may or may not 
be stated). Very often this. process is not formalized, and forecasts and evaluations are obtained 
by making rather casual, intuitive judgments rather than carefully reasoned, explicit judgments. 
This is generally not considered a very reliable way to arrive at decisions, and decisions made in 
this way may elicit little confidence and support among those who will be affected. This is 
particularly true when the circumstances pertaining to the situation are regarded as being 
exceptionally complex, when the ultimate consequences of the decision are shrouded in 
uncertainty, and when the decision affects the availability of resour~es especially valued by one 
or more groups. The potential for collflict is increased further when the decision has very 
different implications for different groups, and is likely to have adverse impacts which at least 
one group regards as highly significant. 
For particularly complex decisions (such as major resource allocation proposals), the 
original decision making problem can be broken down into a series of problems, each requiring a 
series of decisions. Easton (1973:350) has pointed out that purely intuitive methods of decision 
making are not adequate when there are several factors to consider. 
The unaided human mind is limited in its ability to simultaneously consider more 
than one objective at a time .... Thus, in many instances, the initial intuitive 
choice is cruder in the sense that it is more likely to have been swayed by 
predispositions, emotions, and other temporary, but irrelevant influences; and it 
is more likely to be focused on a single objective. 
Usually there are not just one or two but a number of objectives in resource management, 
and the multiple-use concept has been a dominant resource allocation strategy in many countries 
for a number of years (Bowes and Krutilla, 1985). Although a sensible and admirable concept, 
resource management (particularly natural resource management) is complex and often involves 
multiple conflicting objectives, and so hard. trade-offs and hard feelings often underlie (and 
belie) the harmonious facade of "multiple-use". The reality is that most major resource 
allocation proposals can result in a number of potential outcomes with vastly different 
implications for different objectives, and it is usually not possible to maximize several objectives 
simultaneously (Keeney and Raiffa, 1976:66). Thus there is a need for some formal and 
systematic approach to multiple objective decision making. 
According to Coyle (1972:83), decision theory is concerned with the art of giving bad 
answers to questions to which otherwise worse answers would be given. The improvement lies in 
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these areas: (1) formal treatment of uncertainty; (2) clarity of assumptions; (3) 
comprehensiveness; (4) consistency, and (5) specialist techniques. 
The aim of decision theory is to try to supply som.e aids to the process of 
decision-making especially where the decision situation involves uncertainty. 
The idea is that, by providing the analytical framework, the manager will be able 
to concentrate on supplying the human inputs of intuition and experience one by 
one without having to try to juggle these in his head, whilst at the same time 
trying to provide further inputs (Coyle, 1972:78). 
The decision making process can be facilitated and strengthened by the provision of a 
rational analysis - i.e., an analysis that is comprehensive, systematic, and explicit - so that all 
parties (including the decision maker) can clearly see how the decision was reached, and on what 
judgments it was based. Then the decision can be reviewed and assessed for reasonableness. By 
definition, rational analysis is rational behaviour. Rational behaviour is behaviour that is 
logically consistent, given a set of preferences and acceptable assumptions (Kassouf, 1970:3), 
and a rational decision can be defined as choice behaviour consistent with the assumptions 
underlying the model (Green and Tull, 1978:26). The purpose of rational analysis is to eliminate 
the need for handling on an intuitive basis those pieces of information which can be handled 
rationally and explicitly (Martino, 1972:341). 
When confronted with highly complex, emotionally-charged decision problems - such as the 
choice between two or more resource allocation proposals which are mutually-exclusive and can 
be expected to arouse great controversy - the decision maker should ask himself the following 
questions: 
• What is my goal? 
• What evaluation criteria should be applied? 
• How many objectives am I trying to fulfill? 
• Should I attempt to maximize all or some of these objectives, or should I just try to improve 
on the present situation (and if so, by how much)? 
• Is it possible to make progress in terms of all objectives simultaneously (and if not, how can 
trade-offs be made amongst the competing objectives)? 
• How much control do I have over the problem? 
• How many decisions are actually required, what is their sequence and when must they be 
made? 
• Who are the other parties with power or influence over the decision, and who are the parties 
who will be affected by the decision? 
• How should these parties be involved? 
• Can cause-effect relationships be elucidated? 
• How many possible outcomes can be identified? 
• Is it possible to calculate the probabilities of occurrence for the various possible outcomes? 
• How dynamic or stable is the decision making environment? 
• What are the boundaries of analysis? 
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• How much information is needed? 
• How expensive will it be to acquire this information? 
• What are my resources (money, manpower, computers, data banks)? 
• How much time do I have to make this decision? 
• What are the best data gathering procedures for this problem? 
• How accurate are forecasts likely to be? 
• How do If eel about risk and uncertainty? 
• What is the relevant time horizon? 
• How much weight should be attached to future outcomes as opposed to more immediate 
outcomes? 
• Can outcomes be measured, and if so can they be measured in commensurate units? 
It can thus be seen that the decision making process can become vastly complicated. In 
addition, major resource allocation decisions can involve hundreds of decisions by dozens of 
people, each decision depending on previous decisions and influencing subsequent decisions in 
an interactive and iterative process that sometimes seems to be beyond the control of any single 
"decision maker". In fact, even the decision making problem can change as new parties become 
involved or new data becomes available. There is a complex and dynamic network of influences 
impinging on the resource allocation decision making process, and this complexity and dynamism 
dictates a flexible approach to making decisions that is geared to coordinate the input of many 
parties and make use of limited and changing information. 
At the same time, there is a need to have a structured approach to decision making and to 
maintain a coherent view or holistic perspective of the ultimate decision making problem; 
fragmentation, incrementalism and "ad hocery" can lead to poor decisions. The decision making 
process must be structured so that it can cope with the evolutionary nature of assessment and 
evaluation without degenerating into chaos and losing sight of how alternatives actually measure 
up in terms of the goal and evaluation criteria. 
This suggests that there are two fundamental concerns which the decision making process 
must address. On the one hand, a general procedure is needed to guide thinking, promote 
dialogue, clarify issues, raise new issues, generate ideas, and otherwise link the different aspects 
of the decision making problem to improve the prospects of finding a superior solution. This 
procedure would constitute a methodological framework for conducting the informal evaluations 
that must be undertaken for any resource allocation proposal, whether controversial or 
noncontroversial in nature. (Such a procedure - called Integrated Environmental Management -
is presented in Chapter 4.) 
On the other hand, a specific procedure is needed to identify the "best" overall decision if it 
does not emerge naturally through application of the general procedure. This more narrowly-
focussed procedure would constitute a method of formal evaluation that could be applied to 
especially controversial resource allocation proposals. (Such a procedure - called the Panel 
Evaluation Method - is presented in Chapter 5.) 
The first procedure would thus be grounded in what will be termed "political rationality" and 
the second in what will be termed "economic rationality". 
Political Rationality vs Economic Rationality 
"Political rationality", which has been called "bounded rationality" or "procedural 
rationality" (Simon, 1978), is concerned with the development of procedures for choosing actions 
'· 
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which take into account the limitations on human cognition and control. The political system 
emphasizes this form of rationality, which is based on the idea that since the decision making 
climate is in constant flux and characterized by great complexity, and perfect information is 
never available, it is futile to search for optimal solutions. Instead, the decision making process 
should be concerned with finding a solution that is generally acceptable and likely to be stable, 
and this can be done largely through consultations with and compromises between affected 
parties. 
In contrast, "economic rationality" is based on the idea that sufficient information can be 
obtained to allow optimal choices. This form of rationality, which has sometimes been called 
"calculated rationality" (Bjorkman, 1987) and "classical rationality" (White and Hamilton, 1983), 
is emphasized in classic economic thinking (Simon, 1978). According to this view, greater 
reliance can be placed on formal evaluation techniques to provide information to society's 
"decision makers" for deciding what is in the best interests of society. 
"Maximizing" behaviour is characteristic of economic rationality, while "satisficing" 
behaviour is characteristic of political rationality (Coombs et al., 1970; Janis and Mann, 1977; 
Simon, 1978). Maximizing means finding the "best" solution to a problem. This is generally done 
by calculating and comparing numerical values (the "bottom line") for a range of alternatives, 
and thus finding the optimal course of action. The maximizing strategy is based on the 
assumption that sufficient information can be obtained (at a reasonable cost) to enable the 
decision maker to: 
• identify a set of alternatives which contains the "best" proposal in terms of the specified 
criteria; 
• determine the value of all relevant outcomes associated with each proposal under 
consideration; and 
• make an unambiguous judgm.ent as to which proposal is superior in terms of all the criteria 
taken together. 
Satisficing, by contrast, means finding a "satisfactory" rather than an optimum course of 
action (Hallick, 1981b; Simon, 1978). The idea behind satisficing is that there are many internal 
and external constraints acting upon the decision maker's capacity for rationality. Satisficing 
means the decision maker must construct a model of reality and then behave rationally within the 
constraints of this model. The general strategy is to define the ranges of possible outcomes that 
. would meet or satisfy major objectives, and then select the action that is likely to achieve one of 
the satisfactory sets of outcomes. Lopes (In Bjorkman, 1987:29) has said that this approach 
will be displeasing to some because of its inelegance, its vagueness, and its 
essentially inductive character. But this is the price that will have to be paid if we 
are to have the kind of useful decision technology that captures and clarifies the 
concerns of real people in real environments. I do not believe that the decision · 
sciences can afford the luxury of clinging to any theory of rational choice that is 
simply not sensible. 
The differences between these two general approaches are due to different conceptions or 
models of the decision making environment. Political rationality is based on an open decision 
model that more closely describes the resource allocation situation than does a closed decision 
model - there are a nearly infinite array of alternatives at any one time, and new ones are arising 
all the time. Perfect information is never available because of the complexity of natural and 
human systems and their interactions, and there are severe cognitive limitations and institutional 
constraints that preclude the simultaneous assessment of all conceivable alternatives. 
Resource allocation problems are usually not well-defined problems; decision makers face 
complex biophysical and socioeconomic environments and conflicting objectives, so that the 
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decision making environment ts always, to some extent, unstructured and ill-defined. In 
addition, societal objectives tend to be dynamic rather than fixed or unchanging, and the decision 
maker usually has little control over ni'any important aspects of the situation. 
Given a situation in which there are multiple objectives that are dynamic in nature, there 
can actually be no "optimal" solution apart from making trade-offs or compromises between the 
objectives that reflect one's values. This means there is no objective optimality, but only 
consistency between one's goals and values (Einhorn and Hogarth, 1981). 
This combination of complex and poorly-defined problems, uncertain outcomes, competing 
objectives, cognitive limitations, and lack of control makes it difficult to act according to the 
principles of economic rationality, such as maximizing expected utility (Bjorkman, 1987). Given 
the dynamic nature of the decision making process, and the limited resources and imperfect 
analytical measures available, political rationality is more appropriate to most resource 
allocation decisions than is economic rationality. This is particularly true in the case of policy 
questions, and choices concerned with identifying or pursuing other broad societal objectives 
pertaining to resource allocation, such as devising the specific elements of a nationai 
conservation policy or a policy on environmental planning and management. 
Political rationality would thus appear to be generally more relevant to environmental 
resource allocation decisions than is economic rationality. Whereas economic rationality 
assumes that it is possible to enlighten a decision maker so that he can identify some optimal 
state, and even prescribes a path to the realization of this state, political rationality takes account 
of the limitations associated with the functioning of the social organism, and recognizes that 
actions are taken as a result of complex interactions between many people over time. Any one 
individual has limited control over this complex, iterative process and therefore it is unlikely that 
optimization can be achieved, even if it can be defined. 
Nevertheless, there is still a place for economic rationality in some resource allocation 
decision problems, particula~ly for highly controversial pro-posals, provided that satisfactory and 
cost-effective ways can be found to deal with their complexity and dynamism, so that the 
evaluation process is realistic and acceptable to all concerned parties. Economic rationality 
would seem particularly appropriate in cases when political rationality is likely to break down 
because of great antagonism, mistrust or lack of understanding. In such cases a formal 
evaluation procedure which is perceived by all concerned parties to be reasonable and fair could 
provide an amenable way to break deadlocks in the social and political arenas. 
Bakus et al. (1982:493) has identified two major processes which can be used to direct 
formalized decision making: (1) behavioural interaction in the case of groups, and (2) decision 
analysis for both individual decision makers and groups. Either of these two general approaches 
could be used to develop evaluation procedures for improving judgments in applying the 
principles of economic rationality. 
Rohrbaugh (1979:73) defines judgment as an inferential cogmttve process by which an 
individual draws conclusions about unknown quantities or qualities on the basis of available 
information. The individual must screen data in his interaction with an environmental system so 
that specific inferences might be made. This involves sorting, eliminating and recombining data. 
Behavioural interaction is directed at improving the judgment process by pooling the special 
knowledge and insights possessed by members of a group. A major object is to reduce cognitive 
dissonance and provide cognitive feedback to tap the potential of a group (Hill, 1982). Group 
interaction has been found to improve judgments (and increase consensus) although there are 
problems associated with group interactions that lead to process losses (Rohrbaugh, 1979:75). 
But Hill (1982:535) states that group interaction can lead to process gain through capacity to 
learn and cognitive stimulation, and his review of this category of methods reveals that group 
24 
performance is generally qualitatively and quantitatively superior to the performance of the 
average individual.1 
Methods based on the behavioural interaction process usually involve the participation of 
persons who, although they may have no decision making power, are expected to have special 
insights or credibility which will strengthen the evaluation. While the decision analysis process 
can also be used by any individual or group, this approach was designed to be used by the 
decision maker, and is largely concerned with search procedures: what information, at what cost, 
should be gathered to improve decisions (Simon, 1978). In addition, methods based on this latter 
approach are directed at eliciting the preference structures of decision makers, based largely on 
attitudes toward risk and uncertainty (Raiffa, 1968), and they generally involve relatively 
complex and time-consuming operations for quantifying evaluations. A major difficulty with this 
approach is that decision makers are often not inclined to collect a lot of information or submit 
to intricate procedures for estimating probabilities or working out preference orderings (Janis 
and Mann, 1977). 
Lee (1982) suggests that the decision analysis process is of limited usefulness in 
environmental decision making because people have difficulties in assigning probabilities and do 
not understand or accept the concept of expected value. Another problem is that decision 
makers often exhibit inconsistent preferences, which violates a major principle of the modern 
theory of rational choice, on which the decision analysis process is founded (Hershey et al., 
1982; Slavic and Lichtenstein, 1983; Tversky and Kahneman, 1981). 
Simon (1978) says that any theory of rational behaviour must take account of the cognitive 
limitations on decision making: there is great uncertainty and great complexity in dealing with 
objective and subjective phenomena, so that people may not have great confidence in the 
quantitative evaluations of a decision maker. In addition, people do not behave in the way that 
conventional economic theory and decision theory predict - they do not try to maximize expected 
utility - and therefore Simon (1978) suggests that it is hard to take subjective expected utility 
seriously as a theory of actual human behaviour in the face of uncertainty. Fischhoff et al. 
(1982) agree that this decision making model does not adequately reflect reality, and that 
applications often do not work in the real world because of human error or limitations in dealing 
with complex environmental settings. 
These considerations greatly limit the usefulness of methods based on the decision analysis 
process, particularly in the Third World context, in which confidence in the judgments of 
decision makers is not always high and the decision making environment is relatively inefficient 
and UQsophisticated. Because complexity in environmental decision making is deep and 
pervasive, and since controversial resource allocation proposals in particular are characterized 
by considerable complexity and dissension, it is desirable to develop approximation procedures 
and heuristics to reduce computational problems and cope with cognitive limitations. Also, 
concerned parties are more likely to favour methods based on some form of behavioural 
interaction provided that the participants are respected and their judgments will be accepted. It 
was decided, therefore, that this class of methods should play a major role in the development of 
an environmental evaluation methodology.2 
Both Rohrbaugh (1979) and Hill (1982) have found that group judgments are often inferior to the potential 
suggested in a statistical pooling model, which suggests the need to more thoroughly examine the variables that 
affect group process and find ways to further improve group performance. 
2 Although behavioural interaction has been selected as the more appropriate approach to formal evaluation in 
this dissertation, the decision maker may sometimes wish to conduct his own rational analysis of the decision 
making problem using Decision Analysis (or related methods and techniques) to formalize his personal 
evaluation of outcomes and trade-offs. Appendix D presents a brief discussion of Decision Analysis and lists 
some of the more well-known formal methods of decision making based on this general approach. Appendix E 
presents a brief discussion of Expert Systems, a decision making aid that does _not fall neatly into any category but 
which has great potential for utilizing expert knowledge, experience and intuition to improve resource allocation 
decisions. 
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The next section presents a description of two methods based on behavioural interaction. 
Both of these methods provide approaches to forecasting and evaluation that are specifically 
designed to be used by groups of specially appointed advisors or counsellors to the decision 
maker rather than by the decision maker himself. These methods - called "Delphi" and ''Nominal 
Group Technique" - were developed to take advantage of the greater pool of knowledge and 
insights, and the wider range of value systems, that exist in a group of people. 
Delphi and Nominal Group Technique 
When decisions are likely to be especially controversial, concerned parties may not be 
satisfied if the decision is to be based on an evaluation performed by a single individual; they 
may also not be satisfied if the evaluation is to be conducted by a group of individuals who are 
thought to have the same (limited) perspective, are obviously biased or have special interests, or 
are perceived to be vulnerable to pressure or intimidation. In such cases a broad-based 
evaluation is likely to have greater credibility because it will bring a greater range of experience 
and insights to the evaluation process. Two procedures that have been developed for conducting 
group forecasts and evaluations will be presented in this section: Delphi and the Nominal Group 
Technique. 
General Description of Delphi 
The Delphi method originated with the Rand Corporation in the 1950's to aid military 
planning (Pill, 1971:59). The method has since come into widespread use and been applied to a 
variety of decision making problems (Dalkey and Helmer, 1963; Richey et al., 1985b; Freeman 
and Frey, 1986; Garde and Patel, 1985; Nelms and Porter, 1985; Sutherland, 1975). Although the 
evidence is mixed, Delphi is widely accepted as constituting an effective procedure for improving 
the quality of group judgments (Bardecki, 1984; Hill and Fowles, 1975; Hogarth, 1978; Parente et 
al., 1984; Rohrbaugh, 1979; Salanick et al., 1971; Spinelli, 1983). 
Delphi is a method for structuring a group communication process so that the process is 
effective in allowing a group of individuals, as a whole, to deal with a complex problem (Linstone 
and Turoff, 1975:3). The method has been described as consisting of techniques of systematic 
group judgment (Dalkey et al., 1972:2). Delphi is directed at obtaining group judgments to 
improve decision making under uncertainty and in situations when values are in conflict. Its 
major attributes include: 
• some degree of anonymity for the individual responses; 
• some feedback of individual contributions of information and knowledge; 
• some assessment of the group judgment or view; and 
• some opportunity for individuals to revise views. 
The method can be used to clarify judgments, ascertain values and preferences, and 
stimulate inventive planning. Delphi is most often used to identify measures that might be taken 
to deal with a given problem situation, and then to assess such measures with regard to their 
feasibility, desirability and effectiveness (Helmer, 1975:xix). 
Most resource allocation problems are characterized by insufficient data, a high order of 
complexity, and incomplete theory (Pill, 1971:61). When a decision bas to be made, and 
information is lacking or different value systems are involved, the problem is bow to make most 
effective use of existing information and insights, and how to make unbiased evaluations of 
possible outcomes. It seems reasonable to seek "expert" opinion, but there is often disagreement 
among experts; in fact, diversity of opinion is a relatively good measure of the degree of lack of 
knowledge concerning the question (Dalkey et al., 1972:4). The Delphi method is concerned 
with determining how the diversity of information and feeling that leads to disagreement can be 
amalgamated to lead to the best available answer to the question. 
::.· 
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Delphi can thus be used to accomplish two of the most important and most difficult tasks in 
resource allocation: 
• to forecast outcomes of events that are shrouded in uncertainty; and 
• to elicit and make explicit subjective value judgments regarding these outcomes. 
The acquisition and analysis of purely objective data are of limited value in approaching 
such problems, and a systematic method of drawing out and explicitly analyzing basic 
assumptions and informed intuition can be more useful. The central idea of Delphi is to use 
"expert" opinion if! a highly structured way to merge different points of view into a single group 
perspective under the assumption that a group judgment is inherently more complete and more 
accurate than individual judgments (Dalkey et al., 1972:10). 
Experiments in group judgment conducted by the Rand Corporation using little known 
factual data (such as the number of telephones in Africa) have indicated that group judgments 
are better than individual judgments (Dalkey et al., 1972). These results indicate that the error 
of the group will be less than the average error of the individuals, and therefore group estimation 
will generally be safer and more reliable. The validity of group value judgments cannot, 
however, be "proved" by experiment since there is no way to measure the "correctness" of values. 
But if one assumes the existence of a set of fundamental values which is common to all humanity 
yet incompletely perceived by each individual, then a group judgment concerning the relative 
importance of a set of outcomes might be regarded as more valid than individual judgments. 
Although each individual's view is incomplete, individuals will tend to recognize the more 
comprehensive view, so that aggregations of individual models will not only be more valid, but 
will tend to be accepted as a better, more balanced model (Dalkey et al., 1972:10). 
The principal features of the Delphi method are anonymous debate, controlled feedback, 
and statistical group response. Anonymity reduces the effect of dominant individuals and 
encourages free expression of opinion; controlled feedback reduces "noise" in the 
communication process (e.g., emotional "static", extraneous information); and statistical group 
response reduces group pressure for conformity, facilitates information exchange, and assures 
that the opinion of each member is represented in the group judgment (Dalkey et al., 1972:20-
21). 
The actual procedures used in applying the method can vary, but all variations involve an 
iterative process designed to clarify thinking on the subject and move the group toward 
consensus. The usual approach is to send a series of questionnaires through the post to members 
of a Delphi panel. Panelists are asked to perform some operation (e.g., vote on an issue, 
forecast an event, estimate a number, or rank a list of items), and submit their response to the 
project coordinator. The responses are tabulated and "feed-back" on group thinking is sent to 
each panelist along with another questionnaire for the next round. Panelists are asked to 
compare their own response with the group response, reflect on the possible reasons for 
observed differences, reconsider their judgments (particularly for those areas in which there is 
disagreement), and then perform the operation again (perhaps giving written reasons which can 
subsequently be fed back to the group by the coordinator). This process is repeated until there 
are no longer any significant changes in the judgments of the panelists. The final iteration is 
used to assess group thinking on the issue being addressed. 
Strengths of Delphi 
Delphi has appeal to those people who think a decision maker and his advisors might have 
too narrow a view (and therefore reject Decision Analysis) and who do not have much 
confidence in market and shadow-price valuations of resources (and therefore reject 
conventional economic analysis). The Delphi method is particularly useful under conditions of 
inadequate factual knowledge when it seems desirable to rely upon the relevant intuitive insights 
of experts and use their judgments as systematically as possible (Brockhaus, 1975:127). Perhaps 
Delphi's greatest potential is to stimulate meaningful exchange between people with different 
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viewpoints, and ensure that all aspects are considered in a rational and dispassionate way. A 
major problem in controversial resource allocation decisions is polarization and the breakdown 
of discourse; Delphi provides a set of procedures and a general approach that may be acceptable 
to all concerned parties, and may lead to greater understanding and acceptance of diverse points 
of view. 
In addition to providing judgmental input data for use in specific studies in which accurate 
information is unavailable or too expensive to obtain, Delphi can strengthen evaluation models 
which require subjective inputs to the point where they become the dominating parameters 
(Linstone and Turoff, 1975:10). The method can also provide a systematic and objective process 
for gathering expert opinion on a regular and continuing basis to improve the general quality of 
decisions (Helmer, 1975:xx). 
Limitations of Delphi 
Practitioners have experienced difficulties in applying Delphi. "Experts" are not always easy 
to define or identify, and people with special expertise in a particular field tend to be 
conservative and extrapolate from the past to the future (Pill, 1971:62). If questionnaires are 
used, panel attrition can be a problem. Another major potential problem is that the project 
coordinator is in a position to bias the panel with selective information or control procedures 
(Richey et al., 1985a). For example, different internal procedures, wording of event statements, 
and selection of panel members can affect reliability. In addition, a pre-selected set of event 
statements can significantly bias the outcome (Hill and Fowles, 1975:180). 
Bias and confusion can arise in other ways. Even,ts to be judged are usually treated 
independently of one another, but there may be significant interaction between events. If the 
panel members do not share common perspectives, panelists may not have the same 
interpretation of what is being judged. It is unlikely that any panel can possess the full range of 
human values and insights that can be found in a complex and heterogeneous society, and so 
value information and specialized knowledge from some groups will not be represented. And for, 
problems that involve human interactions over a significant time period, it may be impossible to 
predict or value events (Shafer and Moeller, 1981:5). 
A major potential problem is the tendency for panelists to change their judgments to 
correspond with those of the group; there are subtle psychological pressures to conform to group 
opinion. For example, attention is naturally drawn to areas of diverging views so that if there if 
reasonable agreement on a point there is little incentive for individuals to reconsider, even 
though further consideration might result in a new judgment that is further from the group 
judgment. At the same time, an individual is inclined to search more assiduously for reasons why 
others have judged a matter differently, and then is more inclined on discovering possible 
reasons to change his view to be more inconformity with the group. Also, panelists may agree 
with the majority just to avoid the effort of reconsidering if they feel the procedure is an 
imposition or if they have little time or interest in the issue (Ford, 1975:156; Martino, 1972:35-
37). 
Another major problem arises if panelists are asked to judge the relative significance of, 
items, or make other types of subjective judgments using an interval scale. If neither a zero point 
nor some other common benchmark from which to scale items can be identified, and if the unit 
of a utility scale has not been determined, it is not possible to aggregate the measurements of the 
panelists to obtain a group measurement (see Appendix C). Under these conditions, according 
to utility theory, it is not meaningful to compare utilities between two or more people (Linstone 
and Turoff, 1975:580). 
General Description of the Nominal Group Technique 
The Nominal Group Technique (Delbecq et al., 1975), is another highly-structured method 
for obtaining group judgments. It differs from Delphi primarily in that there is no concern for 
preserving anonymity (i.e., opinions can be expressed openly, and there are opportunities for 
face-to-face discussion), and there is less emphasis on feedback and a form of statistical group 
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response that ensures all points of view are represented in the final presentation. Nevertheless, 
the method has many similarities ro Delphi. For example, there is a "group facilitator" who 
controls group interaction and ensures that procedures are strictly adhered to, and there are 
opportunities to change one's thinking after reflection. This technique can also be used to order 
or scale the output of the group. 
Although there are several ways in which this approach to group judgment can be applied, 
following is a list of typical procedures for conducting a meeting using the Nominal Group 
Technique. 
• The members of the group are presented with some specific task, such as forecasting the 
consequences of a policy decision, predicting problems associated with a new technology, 
prioritizing a list of objectives, or identifying the impacts of a proposed development. 
• Individuals silently and independently, but working in the presence of the other members of 
the group, write down their responses. 
• When everyone is finished writing, the group facilitator asks one person to read one item on 
his personal list. This information is recorded in some way visible to the entire group, and 
then another person is asked to read one item from his list. The process continues in a 
round-robin fashion until all items on the lists of every member of the group have been 
formally recorded. No discussion is allowed during this process. 
• The group may then be asked to comment on the items that have been recorded. In some 
cases substantial discussion may be allowed, but always strictly moderated by the group 
facilitator. Additions, deletions, and other revisions may be made to the group list. 
• Group members may then be asked to vote on, order, weight, or otherwise judge the data or 
perform some mathematical operation on the data. 
• The group response is tabulated and the meeting is adjourned. 
If the group is very large, it may be broken up into smaller groups, and a group leader may 
be designated in each group to perform the Jacilitating function. After performing the above 
steps, the entire group reassembles and the group leaders present the output of each group; this 
can be done in the round-robin fashion described above, and the feedback can be limited to the 
"top ten" items on each group's list. Thereafter the entire group might be allowed to debate the 
results and suggest changes, and other operations may be required (such as some form of final 
aggregation). 
Strengths of Nominal Group Technique 
The Nominal Group Technique approach provides a rational and systematic means for 
obtaining group opinion in a deliberate and unemotional way. Individuals are stimulated by 
·silently working in the presence of their peers (or persons whom they respect) and are motivated 
to give careful thought and concise answers to the questions posed. The provision for controlled 
but open comment and discussion can convey much substantive information clearly and quickly 
while minimizing the undesirable aspects of group interaction (e.g., effects of dominant 
individuals). This encourages a fruitful "re~think" of the issues, which may improve judgments. 
The final output is comprehensive and well-structured, and easy to interpret because all 
operations are explicit. The method is also satisfying to participants because there is an 
opportunity to communicate directly to the group if desired - to request or provide information 
that may be important to group thinking - and there is an assurance that each individual's 
concerns will be fully recorded and considered by all group members. 
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Limitations of Nominal Group Technique 
There are, however, difficulties associated with the method. Much depends on the abilities 
of the group facilitator, and there is potential for misunderstandings and emotional reactions 
during face-to-face discussion that would distort perceptions and inhibit rational thinking, which 
can affect the quality of the final output. The judgments of less assertive individuals may not be 
adequately represented if they have declined to participate in discussion or off er revisions. The 
procedures for aggregating or otherwise mathematically treating the data may not be acceptable 
to or understood by all participants, and may be subject to manipulation by some of the panelists. 
Finally, if the larger group is divided into smaller groups, the problems are compounded and 
there are difficulties in obtaining suitable facilitators and finding access to facilities for 
conducting several simultaneous meetings. 
ECONOMIC THEORY 
The Relevance of Economic Thinking to Resource Allocation 
The Problem of Scarcity 
A central concern of all government authorities with resource allocation responsibilities is 
how to decide what constitutes the most "economic action", or the "best use", of a given set of 
resources. Resources are here defined to include everything in the environment that can 
potentially benefit mankind: examples are minerals, forests, soil, wildlife, scenic views, historic 
buildings, cultural artifacts, clean air, and space for certain extensive recreational activities. 
Since there are a great many resources with a number of potential uses, and since many resource 
Uses either foreclose other uses or reduce the quality and availability of other resources, 
resource decision making is complex and often fraught with controversy. 
Environmental resource management is concerned with using disciplined and reasoned 
analysis to reach decisions concerning the problem of how to allocate scarce resources amongst 
competing ends (Andrews, 1982:281). This is also the concern of the science of economics 
(Lipsey, 1979). Economists have developed ways of thinking and practical guides to action (see 
Cost-benefit Analysis in this chapter) that are eminently suited to evaluating alternative 
resource allocation options. Economic theory therefore provides a rational basis for developing 
a formal method that is appropriate to evaluating controversial resource allocation proposals. 
All economic problems and environmental problems stem from the same root cause: the 
misallocation of scarce resources. The central problem of resource allocation is how to 
determine what constitutes the most desirable combination of benefits that can be derived from 
a given set of resources given the "opportunity costs" that are involved. Since the science of 
economics addresses the fundamental reality of scarcity, recognizes the inescapable necessity of 
bearing opportunity costs, and is concerned with the problem of making intelligent choices in the 
allocation of scarce resources, an examination of the principles and concepts of economic 
thinking would be relevant to the development of a research methodology for environmental 
evaluation. 
A common practice in applying economic thinking to resource allocation problems is to 
calculate and compare the "present discounted value" of alternative proposals. This involves 
forecasting the value of all costs and benefits over a specified time period and then discounting 
the value of future costs and benefits back to present value equivalents. The result is a measure 
of the relative efficiency of the proposals, and it is widely assumed that the proposal with the 
highest present discounted value should be selected.3 
But efficiency is not the only consideration in making resource allocation decisions, and 
money is not the only measure of value. While monetary measures play an important role in 
3 Appendix F presents a discussion of why measures of present discounted value cannot be regarded as a reliable 
indication of the value of a proposal. 
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economic analysis, economic decisions do not require that gains and losses be expressed m 
monetary terms. According to Samuelson (1973:6) 
" ... economics is the study of how men and society end up choosing, with or 
without the use of money, to employ scarce productive resources that could have 
alternative uses, to produce various commodities and distribute them for 
consumption, now or in the future, among various people and groups in society. 
It analyzes the costs and benefits of improving patterns of resource allocation." 
For many years, conventional economic thinking p.aid relatively little attention to costs and 
benefits associated with those environmental resources which could not be "priced" (Dohan, 
1977; Godwin and Shepard, 1979; Gregory, 1979; Hardin, 1968, 1977b). Environmental services 
have long been regarded as" (pure) public goods" (Maler, 1985:10), and because they seemed 
to be in great supply little concern was shown for them. Hardin (1968) drew attention to the fact 
that some of these goods were vulnerable to growing population and development pressures, and 
since then economists have paid more attention to this special category of. public goods: 
"common property resources" (Smith, 1978; Smith and Krutilla, 1979). 
But even today, many common property resources are often ignored completely in resource 
evaluation, or else analysed in a very perfunctory manner, and the only inputs and outputs that 
are explicitly or seriously considered are those that can be traded in the market or expressed in 
monetary terms. The traditional list of economic resources include labour, capital and land 
(Lipsey, 1979), but those components or aspects of "land" which could not be exchanged in 
markets - such as ecological processes, biological species, and major geographical features -
often play a relatively small role in economic analysis (Randall and Castle, 1985). There are 
three major factors that give rise to this situation (Daly, 1987): 
• because they cannot be "owned" and traded in the market, a price cannot be determined for 
common property resources through the interaction of supply and demand, and so these 
resources are extremely difficult to value; 
• it has been widely assumed that common property resources are not particularly scarce or 
essential to continued economic growth; and 
• there has been a pervasive belief that general technological advance and the responsiveness 
of market feedback mechanisms will compensate for any losses of these resources. 
Many economists still regard the natural environment and its functions as being virtually 
inexhaustible (Beckerman, 1972, 1974; Common, 1988; Seneca and Tausigg, 1979). But a series 
of environmental crises in recent times (Allen, 1980; Global 2000 Report, 1980; International 
Union for the Conservation of Nature, 1980; Rees, 1985; Westman, 1985; World Commission on 
Environment and Development, 1987) has stimulated considerable debate as to whether this is in 
fact so, and has led to recognition of the fact that losses of certain natural amenities and 
ecological functions can lead to a situation in which the economic gains of resource exploitation 
are outweighed by losses in environmental quality and greater risks to survival.4 It is in fact 
possible to enter a situation in which lower levels of social well-being, due to a reduction in 
environmental quality from the loss of environmental services, cannot be arrested or reversed by 
greater economic growth or a reallocation of resources (Dohan, 1977; Fisher and Krutilla, 1985). 
This realization has resulted in greater attention being given to the concept of "externalities", and 
spurred a search for ways to incorporate external costs and benefits into economic analysis. 
It is now widely recognized that resource allocation decisions should not simply be 
concerned with the provision of raw materials and other marketable resources needed to create. 
capital goods or bring about more efficient production of consumer goods and services. In order 
4 Appendix G examines this debate and presents a line of argument intended to· refute the suggestion that there is 
no significant danger that resources will be exhausted. 
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to improve resource allocation decisions, it is necessary to develop reliable methods of 
evaluating fill the implications of resource allocation proposals: there is a need to identify and 
value the entire spectrum of inputs and outputs associated with alternative proposals, whether 
the various inputs and outputs can be priced by the market or not, in ord~r to compare the total 
effect of the respective proposals on social well-being. 
The Concept of Costs and Benefits 
Economic thinking is based on utilitarian principles. The central idea is that resources have 
utility and the object of consuming resources is to receive that utility. Although no one has yet 
devised a way of measuring utility, people daily make choices which demonstrate their ability to 
discern which of two resource allocation options has greater utility. People base these choices 
on their perception of which option will confer the greater net benefit (i.e., yield greater utility 
after costs have been deducted from benefits). 
Economic theory accords with common experience and intuition: there are advantages and 
disadvantages associated with almost every action, and it seems desirable to base choices on 
perceptions of which alternative will confer the greatest advantage. If a given set of resources 
can be shifted from one use to another use which offers even greater net benefits, then it makes 
sense to employ the resources in the alternative use. 
But in practice, these choices are not simple: any resource use will result in a number of 
outcomes, each of which may be regarded, from a particular individual's point of view, as either a 
cost or a benefit. Some individuals may perceive certain outcomes as costs, while others may 
perceive the same outcomes as benefits; and even if there is agreement as to whether an outcome 
is a cost or a benefit, the actual valuation will differ from individual to individual, and most of 
the costs may be borne by one group of individuals, while most of the benefits fall to another 
group of individuals. The science of economics is largely concerned with analyzing such 
problems, and these are precisely the problems that characterize controversial resource 
allocation proposals. Such controversies arise from different perceptions of: 
• what constitutes a cost or a benefit (i.e., whether an outcome should be considered adverse 
or beneficial); 
• how great the costs and benefits are, and whether there is a net benefit (and if so which 
proposal has the greater net benefit); 
• and how these costs and benefits will be distributed over the population, including future 
generations (and whether this distribution may be regarded as being fair or equitable). 
In analyzing both microeconomic problems (which concern the relationships between 
individual producers and consumers, and the resulting allocation of resources) and 
macroeconomic problems (which concern relationships between broad economic aggregates), 
economic theorists are concerned with the problem of identifying and evaluating costs and 
benefits (or "gains and losses", "advantages and disadvantages", or "goods and bads"). But there 
are two schools of thought about how to approach economic analysis, and this has given rise to 
two very different economic disciplines: positive economics and normative economics. 
The Development of Environmental Economics 
Positive economics is concerned with matters of fact rather than matters of values and 
ethics (or "what is", rather than "what ought to be"), whereas normative economics is concerned 
with describing how the current reality should be altered to bring about a more desirable state 
(Bannock fil.....fil.., 1978). Positive economics purports to be "value-free" and objective, and is 
concerned only with understanding the functioning of economic systems in order to strengthen 
its predictive powers. Normative economics, by contrast, assumes certain goals and objectives 
which are obviously "value-laden" and subjective, but which are based on explicitly stated 
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premises, and is concerned with furthering these goals and objectives in order to strengthen the 
social relevance of economic analysis (Lang, 1980; Mishan, 1981; O'Brien, 1981). 
Normative economics has had an important influence in the development of two major 
branches of economic thinking: welfare economics and environmental economics. Both of these 
approaches to economic analysis are based on defining and applying tests or criteria to 
determine whether a proposal will result in improvements in welfare or not. Whereas the 
approach of positive economics in microeconomic analysis is largely directed at simply 
measuring the relative efficiency of alternative actions (on the assumption that an improvement 
in efficiency constitutes an improvement in welfare, and in the belief that sufficient factual 
evidence can be obtained to make this type of measurement), welfare economics is concerned 
with judging the distributional consequences of actions as well. 
In welfare economics, there are thus two major criteria by which to judge actions -
efficiency and equity - and therefore an action which excels in terms of efficiency may not 
necessarily be the preferred action. Welfare economics has been defined as that branch of 
economics concerned with ranking alternative economic situations on a scale of better or worse 
(Mishan, 1981:3) and this is done by applying and trading-off these two evaluation criteria. 
While it is generally agreed that efficiency can be evaluated in terms of a "potential Pareto 
improvement'', several standards have been suggested for evaluating equity improvements, and 
there is as yet no agreement as to how to objectively apply these standards or to make trade-offs 
with efficiency (Hardwick et. al., 1986:129-132). 
In recent years another branch of economics has emerged: environmental economics 
(Cottrell, 1978; Gorrie, 1979; Kneese, 1986; Kneese and Schulze, 1985; Pearce, 1988; Stauth, 
1983a). Like welfare economics, environmental economics is concerned with efficient 
production and equitable distribution in the allocation of resources, but its focus is on the 
environmental implications of production and consumption activities. This rapidly evolving field 
of study differs from welfare economics in two fundamental ways: 
• there is an explicit and overriding concern with the problem of evaluating the utility of those 
environmental resources for which property rights cannot be specified, and which therefore 
cannot be priced and allocated efficiently through market mechanisms; and 
• there is an implicit concern with the problem of ensuring that future generations will be left 
with the means to enjoy a satisfying existence. 
As mentioned earlier, this latter consideration is not regarded by some environmental 
economists as a particularly significant problem, but others have suggested that present 
environmental conditions are such that, for the first time in history, the well-being of future 
generations is in serious doubt.5 If the situation is as serious as some environmental scientists 
claim it to be, then the social welfare function needs to be re-defined and new resource 
allocation rules need to be formulated. Herfindahl and Kneese (1974:389-390) have stated that 
any theoretical approach to the problem of economizing in this situation which gave substantial 
weight to the well-being of those living later would end with very high valuations for actions that 
would avoid sacrificing "environmental flows". In fact these authors have suggested that actions 
which foreclose return to the prior situation should be avoided: 
Our own entry for consideration as a modification of the social welfare function 
is a modest one that would be compatible with a variety of philosophic-religious 
positions: Our actions should not be such as to foreclose the attainment of a 
position with respect to nonexhausting resources by future populations that is 
attainable by us.6 
5 For a fuller discussion of this debate, see Appendices F and G. 
6 This idea is further elaborated in Appendix G. 
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This line of thinking suggests that in addition to the efficiency and equity criteria, one 
should explicitly consider the flow of costs and benefits to future generations. In accordance 
with this suggestion, the field of environmental economics as it is understood in this dissertation 
is concerned with the implications of resource allocation decisions not only in terms of efficiency 
and equity (i.e., the welfare effects on existing populations), but also in terms of the 
intergenerational consequences of such decisions, or the "sustainability" of the flow of net 
benefits over the very long term. This new criterion may be referred to as the "intergenerational" 
or "sustainability" criterion. 
Thus environmental economics as it is understood in this dissertation does two things which 
distinguishes it from other branches of economics: 
• it extends the subject matter of concern beyond those goods and services which can be 
priced and exchanged in markets to encompass all environmental considerations (both 
priced and unpriced goods and services); and 
• it extends economic analysis over intergenerational time periods. 
The reasoning is that economic concepts can be applied to all facets of the general resource 
allocation problem, including long-term environmental problems. This is because the problem 
of allocating unpriced environmental resources is characterised by exchange or allocative 
mechanisms (just like more conventional economic problems), which directly or indirectly 
regulate activity, and which result in a certain pattern or flow of costs and benefits to different 
groups, including future generations. 
Environmental economics, therefore, might be defined as that branch of economics 
concerned with ranking alternative environmental situations on a scale of better or worse 
(Stauth, 1983a:83). In this definition, the term "environmental situations" is to be given the 
broadest possible interpretation, and is understood to include everything, from physical objects 
to ideas, that surrounds and impinges on the well-being of the individual, the group, and society 
as a whole. The term is also understood to include both present and future things, and the scope 
of the analysis includes the problem of judging what is better or worse for future individuals, 
groups and societies. 
Thus defined, environmental economics would appear to be an unwieldy discipline, almost 
incapable of being put into practice. But although the difficulties are daunting, it is of crucial 
importance that the analytical problems be addressed because there may be little time to meet 
these challenges: resource 'allocation problems are becoming more complex, involving a greater 
number of unpriced environmental goods and services of increasing scarcity value, and having 
more profound implications over longer-time horizons. Rather than shirk the difficulties 
because of insufficient theoretical development, or because perfect analytical tools are not yet 
available, the task is to try to strengthen the theoretical framework and then to develop practical 
methods and techniques for applying theory, so that resource allocation decision making can be 
improved now. 
One part of the theoretical framework that is particularly important to applied 
environmental economics is the development of practical guidelines for project appraisal 
(Pearce, 1988:35). An environmental evaluation methodology must provide acceptable methods 
and techniques for measuring the significance of environmental impacts and for ranking 
alternatives according to the selected criteria. One well-established but much criticized method 
for evaluating major resource allocation proposals, Cost-benefit Analysis, is discussed in the 
next section. 
Cost-benefit Analysis 
Decision Analysis and related methods (see Appendix D) were designed to use the 
judgments and preferences of the decision maker in conducting forecasts and evaluations of 
alternative courses of action. Delphi and Nominal Group Technique were designed to use the 
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judgments and preferences _of "experts" in accomplishing these tasks. In Cost-benefit Analysis 
(also sometimes called CBA, Social Cost-benefit Analysis and Benefit-cost Analysis) an attempt 
is made to evaluate alternatives on the basis of the preferences of the individuals and groups who 
could be affected by the action. This is done by estimating the value that people attach to the 
outcomes of alternative actions. There are two general approaches to obtaining these estimates: 
observing revealed preferences or recording expressed preferences. The first approach 
(revealed preferences) is to observe actual behaviour in a market or a "surrogate market"; the 
second approach (expressed preferences) is to invent a "hypothetical market", and ask people 
their willingness to pay to gain some unpriced good, or the amount of compensation they would 
demand to forego some unpriced good (Pearce, 1983:10-11). When the net effect of each 
alternative has been calculated, one can identify the alternative which would have the highest net 
benefit. One can also make judgments about the distributional consequences of the various 
alternatives (Abelson, 1979; Gregory, 1979; Layard, 1972; Pearce, 1983). 
General Description 
Since all potential outcomes of resource allocation proposals can be regarded as either 
adverse or beneficial impacts, which can in turn be regarded as social costs or benefits, Sassone 
and Schaffer (1978:132) have suggested that a social cost-benefit framework be used to evaluate 
the outcomes of any resource allocation proposal. There are two difficulties with this 
suggestion. First, many costs and benefits cannot be measured accurately, and others must be 
measured in incommensurate units. Second, Cost-benefit Analysis is primarily directed at 
judging the efficiency of alternative courses of action, and efficiency is only one criterion that 
might be applied to resource allocation proposals. 
Nevertheless, outcomes relevant to other criteria, such as intragenerational and 
intergenerational distribution effects, can also be expressed in terms of costs and benefits and, 
several techniques (such as "extended Cost-benefit Analysis") have been developed for 
addressing other criteria within the general framework of Cost-benefit Analysis (Biswas and 
Geping, 1987; Pearce, 1983; Rees, 1985; Schramm, 1973). Provided that the commensurability 
problem can be resolved, there would appear to be considerable merit in adopting the concept of 
using costs and benefits to link all relevant criteria and facilitate trade-offs between them. The 
relatively new discipline of environmental economics would seem eminently suited to broaden 
the horizons of Cost-benefit Analysis since it is specifically concerned with the problems of 
incorporating unpriced values in the cost-benefit framework, and finding ways to compare 
outputs of alternatives in terms of their intertemporal effects (Pearce, 1983, 1988). 
In a free-market economy, many resources are allocated according to market valuations of 
their utility, and this is generally considered to be a highly efficient mechanism for allocating 
resources (Pearce, 1983). But some resources ("common property resources") are not traded in 
the market, and very often important outcomes of an action cannot be "priced", or cannot affect 
the price of those outputs with which they may be associated. When market evaluation is 
unacceptably deficient (which it often is), the prices that emerge in the market must be 
supplemented or replaced by explicit public evaluation (Gregory, 1979:15). Cost-benefit 
Analysis is a procedure for estimating and evaluating net benefits associated with alternatives 
for achieving defined public goals (Sassone and Schaffer, 1978:3). This procedure is concerned 
with identifying all of the costs and benefits associated with an action, _measuring their value in 
commensurate units (usually monetary values), discounting the value of all future costs and 
benefits at an appropriate rate of discount, and then adding these present value equivalents to 
obtain the net present discounted value of the action. If this value is positive the action is 
efficient; if it is negative the action is inefficient. If one alternative has a higher present 
discounted value than any other, and the decisive criterion is efficiency, then it is to be preferred 
over others (Stauth, 1983a:100).7 
7 Several difficulties associated with present discounted value measures are discussed in Appendix F. 
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Cost-benefit Analysis was developed by federal water agencies in the United States to 
evaluate water resources investments (Kneese, 1984: 1; Pearce, 1983: 14). The Flood Control Act 
of 1936 proposed a feasibility test for flood-control projects which required that the benefits of a 
project exceed its costs. The resulting experience eventually led to the issuance of a document 
entitled Proposed Practices for Economic Analysis of River Basin Projects which provided 
guidelines on how to conduct Cost-benefit Analysis. In time, other U.S. agencies adopted Cost-
benefit Analysis practices to analyze the economic and environmental consequences of other 
types of projects, as well as new technologies and scientific and regulatory programmes 
(Hardwick et al., 1986; Pearce, 1983). In 1981 Executive Order 12291 required Cost-benefit 
Analysis for any major regulatory action undertaken by any branch of the U.S. federal 
government; since that date there has been considerable research into ways to improve Cost-
benefit Analysis and yet, according to Kneese (1984:ix), the available tools are still relatively 
crude and untested. 
The central principle of Cost-benefit Analysis is that before adopting any proposed action, 
it should be demonstrated that the costs of that action will not exceed its benefits (Mishan, 1975; 
Pearce, 1983). The assumption is that if costs will exceed benefits, then it would be better to use 
the resources in some other way that would yield a net benefit, or to take no action (the "null" 
alternative) and maintain the status quo. Even if an action would have a net benefit, if some 
alternative action would yield even greater net benefits, then all other things being equal, the 
alternative action should be regarded as superior. 
Although there may be some situations in which the well-being of society could be improved 
by taking an inefficient action, it seems reasonable as a general rule to require proposed actions 
to be efficient. Nonetheless, it does not follow that the most efficient action in a particular case 
should be adopted. If an action would result in a reallocation of resources so that at least one 
person is made better off without anybody else being made worse off, that action would meet the 
"Pareto criterion" (Lipsey, 1979) and so would constitute an unambiguous improvement in 
social well-being. But this is seldom the case; in fact, almost any major resource allocation 
decision will make someone worse off. In addition, the most efficient action may sometimes 
have unacceptable distributional consequences or violate other evaluation criteria (e.g., will 
have inordinate adverse impact on a particular social group, or on future generations). 
As already mentioned, Cost-benefit Analysis is primarily directed at providing a measure of 
the "efficiency criterion", which can be defined as making a "potential Pareto improvement" 
(Lipsey, 1979): if the gainers from an action can potentially compensate the losers and still be 
better off than they were before, then the action is efficient. In practice, gainers seldom 
adequately compensate losers, and so some trade-off is necessary between the efficiency gain 
and distributional consequences (Okun, 1975), as well as effects in terms of any other criteria 
which have been specified, in order to make a judgment as to the overall effect of a proposed 
action on social well-being. 
Although primarily concerned with measurements of efficiency, Cost-benefit Analysis is a 
widely used method of evaluating resource allocation options, and can provide information that 
is relevant to applying and trading-off different criteria for judging any resource allocation 
proposal. For example, if benefits are found to exceed costs, the action is efficient; if costs and 
benefits will be distributed fairly over the population, the action is equitable; if benefits exceed 
costs for future generations, the action has positive intergenerational effects (Stauth, 1983a:99). 
Therefore, the cost-benefit framework constitutes a promising approach to evaluating 
controversial resource allocation proposals. 
While other forms of project appraisal often result in fragmentation of analyses into partial 
statements covering "economic", "social" and "environmental" impacts, Cost-benefit Analysis 
incorporates all impacts (which can be regarded as either costs or benefits) into one analysis 
(Sassone and Schaff er, 1978:131). Distributional and intergenerational effects can also be 
displayed and weighed against measures of present discounted value (Sassone and Schaffer, 
1978:23-24). While Cost-benefit Analysis is primarily concerned with determining the overall 
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efficiency of prospective actions, according to Gregory (1979:4) the analysis is also properly 
concerned with identifying all the individuals or groups affected, evaluating their respective 
gains and losses and comparing the aggregates. 
Example of a Cost-benefit Analysis , 
Dohan (1977:152-166) describes the general approach of Cost-benefit Analysis and provides 
an example which is concerned with determining whether the value of .a wetland that is 
maintained in its natural state would outweigh the value of a development which would eradicate 
the wetland. This exainple is briefly recounted here to illustrate the four basic steps to Cost-
benefit Analysis described by Dohan: 
• identification of alternative projects (including the "null" alternative, or doing nothing); 
• quantification_ of all of the benefits and costs from each project; 
• finding "shadow prices" and determining the economic value8 of benefits and costs; and 
• choice of projects. 
Step 1: Identification of alternatives 
In this example, it is assumed there are only two viable alternatives: an unspecified 
"development" which involves filling in and building on the wetland; and the null alternative 
which would leave the wetland in its natural state. 
Step 2: Quantification of benefits and costs 
In Dohan's example, the costs and benefits of the development are all financial in nature so 
that market prices can be used to express their value. The costs of the null alternative 
(maintaining the wetland) are nil. The wetland offers several unpriced benefits, which are 
associated with a range of ecological and amenity functions. These include: plant nutrients 
which enrich coastal waters; food chain links which contribute to fishery production; habitat for 
fishes and other marine life of value to man; habitat for wildlife (including endangered species) 
of recreational, aesthetic, and scientific importance; natural features which off er a wide variety 
of recreational opportunities and special aesthetic pleasures; storage and release mechanisms 
affecting flood control and the supply of water; ecological mechanisms for processing and 
assimilating the waste products of civilization; a buffering system against storm events; and 
finally, unknown functions or potential benefits that may be of considerable value now or in the 
future. These wetland benefits are summarized in Dohan's example as fallows: 
• increases productivity of fishing industries 
• provides habitat for wildlife 
• contributes to the preservation of endangered species 
• provides recreational opportunities 
• provides open space amenity 
• constitutes a visual amenity 
• provides public service functions 
• keeps options open. 
8 Dohan uses the term "economic value" to mean any value which can be expressed in monetary terms (to be 
distinguished from social and other values which are generally regarded as nonmonetizable ). 
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Many of these benefits cannot be meaningfully quantified, which means that the analysis 
will be incomplete and biased: the relative efficiency of the development and the wetland cannot 
be conclusively determined if the socially relevant output of the wetland ecosystem cannot be 
completely enumerated and quantified. Nevertheless, the uncertainty and bias can be reduced if 
it is possible to model successfully the relationship between loss of a given area of natural 
wetland and the reduction of some of these outputs. For the purposes of this example, Dohan 
assumes that this relationship can be modeled (and reduction in output can therefore be 
quantified) for three of the benefits listed: productivity of fisheries, recreational opportunities, 
and public service functions. 
Step 3: Finding shadow prices and determining economic values 
Several techniques can be used to determine "shadow prices" for unpriced costs .and 
benefits (see Shadow-pricing Techniques in this chapter). For example, assume it could be 
determined that the loss of nursery areas for young fish, and the reduction of food supply to 
off shore fisheries, will reduce the annual fish catch by $100 per acre of filled wetlands per year. 
If the social rate of discount is 6%, then the net present discounted value of this stream of 
foregone benefits is $1,662. 
The value of recreational opportunities can be estimated by such measures as user fees, 
equivalent commercial value of the recreational catch of fishes, willingness to pay surveys, and 
differential property values. The value of public service functions can be. estimated by 
calculating the added economic resources that would be needed to partially restore 
environmental quality after the loss of the wetland, as well as the loss of benefits suffered in 
moving down to a lower level of environmental quality. Once the annual per acre values for 
these benefits have been determined, the present discounted value for these two streams of 
benefits can also be calculated. 
While shadow prices might be estimated for other unpriced benefits, Dohan cautions that 
one should not attempt to assign monetary values to benefits that are distantly related to 
economic aspects of life and whhout close economic substitutes. Instead, such nonmonetizable -
benefits and costs should be boldly listed along with the monetizable benefits and costs, and not 
dismissed in a footnote as is often the practice (Dohan, 1977:163). 
I 
Step 4: Choice of project 
In Dohan's example, the costs and benefits of both proposals are discounted at a rate of 6% 
over a period of 100 years, and the present discounted value of the net economic benefits (i.e., 
those benefits which can be valued in monetary units) for each proposal is calculated and 
compared. Box 3.1 presents the results of this hypothetical case. It can be seen that the null 
alternative has an excess monetary benefit of $12,000, and in addition has significant 
nonmonetized benefits. 
BOX3.l 
Result of Hypothetical Cost-benefit Analysis 
(from Dohan, 1977) 
WETLAND USES PDV per acre 6% for 100 years 
ALTERNATIVE 1: CONSTRUCTION 
Net Benefits 
ALTERNATIVE 2: PRESERVATION 
Recreation $5 000 
Public Service Functions $5 000 
Fisheries $12 000 
(nonmonetized benefits significant) 
Total Net Benefits 
(plus significant nonmonetized benefits) 
$10 000 
$22 000· 
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If the decision rule is to select the more efficient alternative, then the choice of project will 
be the continued ·preservation of the wetland. But Dohan points out that there are other 
important criteria which should be considered in the decision-making process, and it should not 
be assumed that the alternative with the higher present discounted value will always be in the 
best interests of society. If, for exam pie, the present discounted value of the wetland had been 
less than the present discounted value of the development, and it is believed that the social 
benefit of the development is almost entirely reflected by its present discounted value, whereas 
the value of several benefits of the wetland cannot be determined with any confidence, then one 
should not accept as optimum the choice indicated by Cost-benefit Analysis. In this case, 
according to Dohan (1977:167), the net economic gain of the development (the difference 
between the present discounted value of the development and the present discounted value of 
the wetland in its natural state) should be compared with those nonmonetizable benefits 
foregone by filling the wetland. The decision is then to be based on a combination of political, 
philosophical, and economic grounds. For example, if the Cost-benefit Analysis had determined 
that the development had an excess monetary value of $8,000, but the wetlands were one of the 
few nesting places of an endangered species of waterfowl, one might decide that the relatively 
small gain in economic benefits is meager compensation for the possible loss of a species. 
Dohan thus concludes that Cost-benefit Analysis has important limitations, but is still a 
most useful analytical tool. If, in the case just mentioned, it is decided to accept the economic 
costs of preserving the endangered species, economic criteria are not being rejected but rather 
integrated into a broader context of social decision making. For by using Cost-benefit Analysis, 
it is easier to conceptualize the real trade-off between net economic benefits and what are 
traditionally regarded as purely noneconomic values. 
Strengths of Cost-benefit Analysis 
Although Cost-benefit Analysis has serious limitations, it is conceptually sound and 
satisfying. A cost-benefit framework seems a logical way to compare the private and external 
costs and benefits of alternative resource uses (Dohan, 1977:152). All decisions imply that some 
assessment of costs and benefits is made, however intuitively. What Cost-benefit Analysis does, 
amongst other things, is to make these assessments explicit, and this is surely a desirable practice 
(Abelson, 1979:198). Cost-benefit Analysis reduces the complexity of the decision problem by 
reducing the number of dimensions; it facilitates analysis by setting the problem in a logical 
framework; and it forces the decision maker to make a systematic appraisal of the alternatives 
(Ulph and Reynolds, 1980:52). The method seems particularly appropriate when a proposal has 
narrow and clearly defined objectives, when the main impacts are physical and readily 
quantifiable, and when there is a small number of options for achieving the objectives (Barbour, 
1980:171). 
Limitations of Cost-benefit Analysis 
Cost-benefit analysis has important limitations that are of particular concern to resource 
managers in developing countries: the time, money and skilled manpower requirements for 
conducting Cost-benefit Analysis are relatively high. In addition, there is considerable 
resistance to the idea that decisions should be based on monetary measures of outcomes; this is 
partly because many people feel that important outcomes often concern human values which 
cannot be represented by money, and also because it seems unfair to use a measure of value 
(willingness to pay implies an ability to pay) which gives the rich greater "voting power" 
(McAllister, 1980:143). 
Another major difficulty with Cost-benefit Analysis is the problem of determining 
appropriate boundaries for the analysis: what is significant on a local level may be of no 
consequence on a national level; but if the boundaries are defined too narrowly, important 
regional or national costs and benefits, particularly from higher-order interactions or cumulative 
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effects, might not be considered (Odum, 1982; Tribe et al., 1976:5).9 In addition, many 
conventional applications of Cost-benefit Analysis do not take adequate account of distribution 
effects (Hardwick et al., 1986; Mishan, 1975; Pearce, 1983; Simon, 1974) and the implications of 
development for future generations (Daly, 1987; Feldstein, 1972; Goodin, 1982; Kneese and 
Schulze, 1985; Layard and Walters, 1976; Mueller, 1974; Page 1977; Pearce, 1983, 1988; Price, 
1973; Sharp, 1981). For example, while it is generally considered appropriate to discount the 
value of costs and benefits to be incurred in the future (Pearce, 1983), one should somehow take 
into account the different nature of the benefit streams associated with preservation ·and 
development. There is a problem if the net benefits of preservation are rising faster than the net 
benefits of development, because then assessing the projects on the lifetime of the development 
(say 20 years) will bias the analysis in favour of the development project since the future greater 
benefits of preservation will have been ignored (Arrow and Fisher, 1974; Fisher et al., 1972, 
1974; Fisher and Krutilla, 1985; Krutilla and Cicchetti, 1972; Krutilla et al., 1972; Ulph and 
Reynolds, 1980:131-132).10 
Many resource allocation decisions involve considerations of risk (when the probability of 
events can be estimated) and uncertainty (when the probability of events cannot be estimated). 
Levels of risk and uncertainty are important to decision makers and their constituencies: people 
are prepared to suffer some opportunity costs to reduce risk (such as risks associated with major 
hazards or with irreversible actions that would foreclose future options), and if the risks of a 
project are high then its benefits must be very high to be acceptable. While there is no 
universally accepted approach for dealing with uncertainty, risk values can be calculated by 
estimating "expected damages" for each year and then discounting these values back to present 
value (McAllister, 1980:113). But this is seldom done. In addition, Cost-benefit Analysis is not 
well suited for assessing the dynamics of a situation; it does not have the ability to adapt or adjust 
a strategy to account for information acquired along the way. This is especially important for 
problems with long time horizons (Bell et al., 1977:9). 
Finally, most practitioners of Cost-benefit Analysis tend to pay little attention to those costs 
and benefits which cannot be easily expressed in monetary terms, or clearly quantified in some 
way, and they also tend to consider the ultimate goal of resource allocation to be maximization of 
national income rather than the maximization of social welfare (Herfindahl and Kneese, 
1974:222). The attempt to collapse all evaluations into a single number often distracts attention 
from other important welfare criteria and may not serve decision makers well. The decision 
maker needs various kinds of information, not summable into a single number, as a basis for 
political decision (Herfindahl and Kneese, 1974:.223). Irreversible processes, quality of life, risk 
avoidance, distributional effects, incommensurability, and ethical considerations are not 
adequately addressed in conventional Cost-benefit Analysis (Barbour, 1980:179). The 
significance of such considerations is especially great for those decisions which may result in 
large changes in the availability of resources which have no close substitutes (Dohan, 1977:168). 
But perhaps the major limitation of Cost-benefit Analysis is that value information for many 
important effects is not readily available or is expressed in incommensurate units. As a result, 
unpriced impacts are often not adequately considered in Cost-benefit Analysis (McAllister, 
1980:142). The key problem is how to handle external costs that are not valued by the market 
and are difficult to measure. 
9 This is an extremely important problem. No method of evaluation can ensure that a particular proposal's 
contribution to this cumulative effect is not going to be significant if the effects of other proposals (present and 
future) are not known. In Appendix G, a case is made for adopting a national conservation policy which would 
constrain choice in order to avoid incremental losses of natural amenities and ecological benefits beyond a level 
that would be considered acceptable. 
10 Krutilla et al. (1972) have developed an ingenious approach to dealing with this problem (see Dynamic 
Opportunity Cost Valuation in this chapter). Krutilla's approach does not, however, explicitly consider the 
implications of this problem for future generations. Appendix F presents a discussion of the problem of 
evaluating resource allocation proposals from the perspective of future generations. 
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In recent years, a number of sophisticated techniques have been developed to calculate 
values for unpriced costs and benefits. Several of these techniques are discussed in the following 
section. 
Shadow-Pricing Techniques, 
The first object in an evaluation is to determine whether a proposal is efficient, so that its 
efficiency gain.can be weighed against other criteria. But when costs and benefits are described 
in different terms, and measured in incommensurate units, it is extremely difficult to judge the 
net benefit of a proposal. Finding a way to express and measure all outputs in commensurable 
terms does not make subjective judgments objective; however, quantification of values can help 
one judge the relative value of unlike goods, or elucidate the nature of unavoidable trade-offs, 
and can be a useful analytical procedure for improving the quality of complex decisions. 
If costs and benefits are not expressed in commensurate units, decision makers will be 
forced to compare projects on the basis of two- or three-dozen dimensions (Sassone and 
Schaffer, 1978). For example, several ecological costs and benefits (which are not directly 
comparable themselves) may have to be weighed against several social or cultural costs and 
benefits. This would make the analysis quite unwieldy, and would tend to result in an 
unsystematic evaluation involving comparisons of a few of the more prominent (or purely 
arbitrarily-chosen) costs and benefits. There is thus a need to bring all costs and benefits under 
a common measuring rod, and the most convenient of these is money. Therefore, one approach 
to reducing incommensurability is to calculate, where possible, shadow or accounting prices for 
costs and benefits which are not expressed in monetary terms. A "shadow price" is an estimate of 
the value which would be placed on a good if it could be traded in the market. If all costs and 
benefits can be expressed in monetary terms (or in any other commensurate units), then they can 
be summed and the net benefit can be calculated. 
Most major resource allocation activities can be expected to result in one or more 
significant "extra-market effects". These extra-market effects are sometimes called 
"externalities" by resource economists because they consist of costs and benefits which are 
external to the decision making processes of the profit-maximizing firm. Even public resource 
managers often do not take adequate account of external effects associated with resource 
extraction activities because these effects are difficult to measure, and since they are not priced 
managers are not always made to feel so accountable for them. The reason why extra-market 
goods do not have prices is that property rights cannot be vested in them, and therefore their 
value is not appropriable. This characteristic of inappropriability has tended to cause such goods 
to be relatively neglected in resource allocation decisions, even though their actual value to 
society is often very great (Coase, 1972; Hardin, 1968, 1977b ). It thus appears that resource 
allocation decisions systematically favour marketable goods and services at the expense of extra-
market goods (such as natural amenities and ecological processes), and therefore resource 
management fails to reach attainable levels of efficiency. 
A major difficulty in applying Cost-benefit Analysis is to find acceptable shadow prices for 
unpriced costs and benefits (or to find an acceptable way of treating those costs and benefits for 
which shadow prices are not available11). Shadow pricing is a theoretically sound way to 
estimate the value of nonmonetary effects so these can be incorporated into the cost-benefit 
framework in order to get a measure of the efficiency of a proposal. Monetary values which 
emerge in the market for goods and services represent imperfect but widely understood and 
accepted benchmarks of value against which the value of any environmental good, service, or 
condition can be compared. Shadow prices may not be precise, but then neither are market 
prices since there are many imperfections in the market which lead to ubiquitous market failure 
(Common, 1988; Dohan, 1977; Rees, 1985). 
11 Other possible approaches to evaluating unpriced costs and benefits include "threshold valuation• and 
"dynamic opportunity cost valuation". which will be discussed in the next sections. 
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There are several approaches to estimating the monetary value of an extra-market good. In 
some cases, surrogate markets exist for non-marketed goods; in other cases, hypothetical 
markets can be used to value these goods (Pearce, 1983). Thus two general approaches to 
shadow pricing have been developed: hedonic pricing includes input valuation, output valuation, 
and travel-cost valuation; contingent valuation includes survey methods (Brookshire et al., 1980; 
Brookshire and Crocker, 1981; Brookshire et al., 1982; Brookshire et al., 1983; Dohan, 1977; 
Farber, 1988; Flowerdew, 1972; Freeman, 1985; Goodman, 1989; Gregory, 1986; Menz and 
Mullen, 1981; Sinden and Worrell, 1979; Stauth, 1983a; Ulph and Reynolds, 1980). 
"Input valuation" measures the value of changing some input to a system by calculating the 
economic effects that the change will have on subsequent outputs which are sold on competitive 
markets (Dohan, 1977). The effects of an externality are thereby traced through a system until 
economic activities are affected. For example, filling in a salt marsh to build a factory along an 
estuary will reduce detritus and other inputs into the estuarine ecosys~em which may in turn 
reduce the numbers of sports fish in the estuary, which may ultimately reduce the number of 
sports fishermen visiting the area. This would result in less revenue for bait and tackle shops, 
hotels, and other businesses (see Figure 3.1). The total economic loss constitutes a shadow price 
for the benefits generated by the marsh. However, this price must be considered a lower-bound 
estimate for the value of the marsh because other benefits might remain unaccounted for, the 
full economic potential of the area might not yet be developed, and consumers might be willing 
to pay more than the calculated cost to keep the marsh and its associated functions viable. 
"Output valuation" measures the value of an output by comparing market-based values of 
close substitutes (Flowerdew, 1972). For example, the costs of noise pollution in the vicinity of 
an airport can be estimated by comparing the market prices of properties in the area with those 
of other properties which are similar in all meaningful respects but are not subjected to aircraft 
noise (see Table 3.1). A major difficulty with this technique is that few proper~ies are 
sufficiently similar to ensure that price differentials are due to the externality alone. In addition, 
many environmental costs (such as the loss of"<.~cological values) are not sufficiently u.nderstood 
or appreciated by consumers to affect the price they are willing to pay for an affected property. 
TABLE3.1 
Output Valuation 
RELATIVE PRICES OF HOMES 
(Comparable homes and neighbourhoods) 
Quiet Area 
R 80 000 
R 65 000 
R 55 000 
R 40 000 
vs Area near Airport 
R 60000 
R 50 000 
R 45000 
R 35 000 
"Travel-cost valuation" measures the costs of travel and time to utilize some good, such as a 
recreational facility (Farber, 1988). Users are presumably receiving benefits at least equal to the 
transportation and other costs incurred to reach and make use of the good. In fact, given certain 
assumptions, the true value to users (or their total willingness to pay for these benefits, if they 
were marketable) can be calculated. Among the assumptions required are that the most distant 
users are not significantly different from other users (i.e., have similar value systems, ability to 
pay, etc.), that travel time is always a cost, and that the sole object of the recorded expenditure is 
r1 
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FIGURE3.1 Input Valuation 
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to utilize the good being evaluated. Given these assumptions, survey data can be used to 
construct a complete demand curve for the resource by simulating the effect of a range of 
admission charges on the visitation rate for groups residing at different distances from the 
resource (see Table 3.2). These assumptions may not always be true; in addition, the technique 
can be costly to apply if a high level of confidence in the results is desired, and the technique is 
limited to situations in which travel costs are a major factor in realizing the utility of a good. 
TABLE3.2 
Travel-Cost Valuation 
1 2 3 4 5 
ZONE POPULATION ACCESS COST NUMBER OF VISITS PER 1000 
PER VISIT VISITORS POPULATION 
1 1000 Rl 500 500 
2 4 000 R3 1200 300 
3 10 000 R5 1000 100 
"Contingent valuation" uses questionnaires (see Box 3.2) or bidding games to establish a 
hypothetical market and measure people's expressed willingness to pay for or sell a good (Sinden 
and Worrell, 1979). Although careful questionnaire design and interviewer training can induce 
the respondents to think in terms simulating market behaviour, time and information constraints 
can weaken respondent motivation and some people will deliberately or unconsciously distort 
their true preferences. People find it difficult to attach monetary values to goods which are not 
priced in markets, and they may find it unrealistic to think of being compensated for giving up 
some common property resource. There is also a tendency for people to understate their 
valuation of a good if they suspect they may actually have to pay for the good, or to overstate 
their valuation if they think they can be "fre~ riders". In some cases, the appropriate measure of 
valuation will be one's "willingness to sell" (Mishan, 1981), i.e., the amount one would accept in 
compensation for bearing a cost or giving up a good, but people will be inclined to overstate their 
valuation in such cases because there is no budget constraint. In spite of these difficulties, many 
variations of this general approach to shadow pricing have been developed. Whereas the other 
approaches are relatively complex and expensive to apply successfully, more limited in the kinds 
of resource allocation problems to which they may be applied, and generally provide a minimum 
estimate for the value of a good, this is a relatively simple, straightforward and widely applicable 
technique for estimating the total perceived value of an externality, or for correcting market 
values. 
Threshold Valuation 
A major limitation to the use of shadow-pricing techniques is that people may not be 
sufficiently knowledgeable or experienced to value many potentially significant external effects, 
such as costs or benefits associated with ecological processes, the advancement of science and 
education, and maintaining recreational experiences associated with wilderness settings. For 
most major resource allocation problems, the nonmonetizable and unquantifiable variables are 
numerous and not amenable to precise valuation at a reasonable cost. In such cases, shadow 
pricing may be regarded as impractical, or shadow prices may be suspect, or both. 
But very of ten one does not need to know the estimated value of an output, only whether the 
value exceeds a certain amount; this constitutes calculating a threshold value, or "contingency 
price", for external effects rather than finding shadow prices for them (Sinden and Worrell, 
1979). Rather than ask what several extra-market goods are worth, one asks whether they are 
worth more or less than a certain amount; this type of judgment is much easier to make.· One in 
effect searches for a point of equivalency between incommensurables, and is concerned with 
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identifying the threshold of value where the one output just outweighs the other. Since one 
output is valued in monetary terms, this threshold represents a contingency price for the other 
output. 
BOX3.2 
Contingent Valuation: Excerpt from Questionnaire Used for Groenrivier Survey 
(Case Study 1) 
7. Please indicate on the enclosed map where you live. 
8. So that researchers can calculate the average cost of recreational visits to the coast, 
please list all your party's expenses for this visit to Groenrivier mouth. 
(a) Food and drink: R __ 
(b) Petrol: R __ _ 
(c) Other items which will be consumed (such as paraffin, gas, fishing bait, etc.): 
(PLEASE SPECIFY EACH ITEM) 
ITEM: COST: R 
(d) Items of special equipment that was purchased because needed for this visit. 
(PLEASE SPECIFY EACH ITEM) 
ITEM: COST: R 
9. You obviously feel that the cost of this visit is reasonable or you wouldn't be here. But 
what if the cost of making these trips were to go up? For example, if the price of petrol 
were to increase dramatically, or other expenses were incurred, there must be some point 
where you would decide it's not worthwhile coming here anymore. If you think carefully 
about it, how much more money do you feel your party would have been willing to spend 
before deciding against making this trip. 
/_/ Rl - RS; 
/ _/ R31 - R50; 
!_! R501 
/_/ R6 - RlO; 
I_/ R51 - RlOO; 
R900; 
I_/ Rll - R20; 
I I RlOl - R200; 
/_/ 
I_/ R21 - R30; 
I_/ R201 - R500 
R900 plus 
For example, if there is a proposal to develop a wetland site that is used by an endangered 
species of waterfowl, and a Cost-benefit Analysis reveals that the excess monetary value of 
development over preservation is RS0,000, the decision maker might conclude that the value of 
the contribution that the site makes to the preservation of endangered waterfowl is greater than 
RS0,000. In this case it has not been necessary to determine the value of the site's contribution 
to the preservation of endangered species, but simply to judge wh.ether that value would exceed 
RS0,000 or not. 
A contingency price, then, is the amount of money required to equalize the excess monetary 
benefit of one alternative over another. Threshold valuation is an analytical procedure rather 
than a shadow-pricing technique. The object is not to estimate the value of an output, but to 
calculate what its value would have to be to change the decision. The nonmonetary costs of an 
action are simply listed and their aggregate value is compared with the net monetary benefits of 
that action. This focuses attention on what the real trade-off is, and can be a fruitful approach to 
analyzing many resource allocation problems. 
The major difficulty with threshold valuation is that there are often several nonmonetizable 
impacts to evaluate against the present discounted value of a proposal. This means the decision 
maker has to conceptualize and weigh the significance of several outcomes, and then compare 
the combined valuation of these outcomes to a single (usually large) sum of money (the value of 
which must also be conceptualized accurately so that a fair comparison can be made). This 
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problem is commonly encountered when the resqurce allocation decision is complex and 
controversial, and is particularly serious when there are insufficient resources to employ 
shadow-pricing techniques to reduce the area of uncertainty in making comparative evaluations, 
or when there is a relatively unsophisticated decision making environment. This is the situation 
that obtains in South Africa, where there is limited expertise for conducting shadow-pricing, 
limited funds for financing such investigations, and considerable skepticism about the validity 
and usefulness of shadow prices. 
Dynamic Opportunity Cost Valuation 
Krutilla and his .associates have developed another approach to evaluating losses of 
irreplaceable environmental services (Krutilla et al., 1972). This approach is based on the 
assumption that it is not reasonable to assess the value of some environmental services simply in 
terms of today's supply and demand situation. This includes those ecological functions and 
natural amenities which are capable of producing potentially significant benefits in perpetuity, 
but which can also be destroyed by overuse, cannot be replaced once lost, and appear to have no 
satisfactory substitutes. Examples are recreation oppol:tunities afforded by wild and scenic 
rivers, and the screening of ultraviolet radiation by the ozone layer (Krutilla and Cicchetti, 1972; 
Fisher and Krutilla, 1985). 
For resources that fall into this category, one needs to take into account their increasing 
scarcity value over time, since demand may be expected to increase dramatically with population 
growth and higher standards of living. Since these resources cannot be created on demand, 
actions which reduce their availability have a "dynamic opportunity cost": a cost which grows 
over time. And since technological progress may be expected to reduce the scarcity value of 
many producible goods which are now in competition with these irreproducible goods, whereas 
the scarcity value of the latter may be expected to increase, the conventional present discounted 
value calculation may not be a good measure of efficiency - even from the point of view of the 
present population. And from the point of view of future generations, the potential for a 
misallocation of resources is even greater. 
The approach Krutilla has taken to estimating the present discounted value of these goods is 
to project various rates at which $1 worth of goods today might be expected to increase, given 
certain assumptions based on prevailing conditions and trends. For example, given the historic 
correlation between rising socioeconomic status and preferences for outdoor recreation, 
projected increases in affluence and mobility might be expected to result in an increase in 
demand for outdoor recreation opportunities relative to other goods. Since technological 
innovation cannot reasonably be expected to increase the availability of environmental services 
and conditions needed to provide these opportunities, the relative value of these goods may be 
expected to increase over time. Unfortunately the rate of increase is extremely difficult to 
forecast. The determinants of future demand are complex, particularly over longer time 
horizons: changes in relative value will depend on future tastes and preferences, environmental 
conditions and rates of technological advance. Krutilla therefore advocates presenting decision 
makers with a range of forecasts for each key determinant spanning all estimates that seem to be 
in the realm of possibility. (Box 3.3 presents an example of how a variation of Krutilla's, 
approach was applied in one of the case studies.) 
Dynamic opportunity cost valuation is a logical extension of thresh.old valuation.but depends 
on the acceptability of assumptions (regarding rates of progress in technological advance, and 
rates. of change in future preferences) which may not be readily understood or embraced by 
many decision makers or the general public. It is also dependent on the availability of monetary 
values (whether market prices or shadow prices, or some combination thereof) to establish 
present valuations for making projections, and cannot incorporate factors for which such values 
cannot be determined. 
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BOX3.3 
Changes in Relative Values of Preservation and Development Benefits Due to 
Anticipated Growth in Demand for Preservation (based on a model developed by 
Krutilla et al., 1972) 
Development projects have a dynamic opportunity cost if the relative value of preservation 
benefits are expected to grow over time. The foil owing table illustrates various values for the 
initial year's preservation benefits which would be required to exceed the present value of nature 
area project costs plus (foregone) net marina development benefits if different assumptions are 
made regarding the appropriate discount rate and changes in the relative value of preservation 
benefits. For example, if the discount rate is 3%, and the rate of price growth for preservation 
benefits increases 2% per annum while the quantity demanded at the given price increases 4% 
per annum, then the present value of one Rand's worth of initial year's preservation benefits is 
Rl13.13. Since the present value of nature area project costs and net marina development 
benefits, discounted at 3%, is R39.6m, the initial year's preservation benefits must be worth at 
least R350 000 for the nature area to be pref erred over the marina. 
I = 
R= 
G= 
PVP = 
PVD = 
BPI= 
DISCOUNT RATE 
RATE OF PRICE GROWTH (HORIZONTAL DEMAND SHIFT) 
RATE OF GROWTH IN QUANTITY DEMANDED (VERTICAL DEMAND 
SHIFT) 
DISCOUNTED PRESENT VALUE OF ONE RAND'S WORTH OF 
PRESERVATION BENEFITS 
DISCOUNTED PRESENT VALUE OF NATURE AREA COSTS AND NET 
MARINA DEVELOPMENT BENEFITS 
INITIAL YEARS PRESERVATION BENEFITS REQUIRED TO EQUAL 
VALUE OF MARINA DEVELOPMENT 
TIME HORIZONS : NATURE AREA 50YEARS 
MARINA PROJECT 50 YEARS 
'l = :030 ., 
R G PVP PVD 'BPI 
(Rands) (million-R) (thousand-R) 
.010 .000 31.55 39.6 1255 
.010 .010 39.38 39.6 1006 
.010 .020 50.00 39.6 792 
.010 .040 84.83 39.6 66 
.010 .060 152.99 39.6 58 
.020 .000 39.38 39.6 1006 
.020 .010 50.00 39.6 792 
.020 .020 64.59 39.6 613 
.020 .04Q . 113.13 39.6 ;25Q 
.020 .060 209.49 39.6 189 
I = .060 
.010 .000 18.40 24.3 1319 
.010 .010 21.77 24.3 1114 
.010 .020 26.16 24.3 927 
.010 .040 39.63 24.3 612 
.010 .060 64.11 24.3 378 
.020 .000 21.77 24.3 1114 
.020 .010 26.16 24.3 927 
.020 .020 31.94 24.3 759 
.020 .040 50.00 24.3 485 
.020 .060 83.50 24.3 290 
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While dynamic opportunity cost valuation and other techniques have served to assist the 
decision maker in making comparative evaluations of competing resource allocation proposals, 
there are still many situations in which the aggregate value of several important outputs cannot 
be estimated in monetary terms. There is therefore a great need to develop an acceptable 
technique for measuring outputs in nonmonetary terms but using a scale that permits the 
aggregation of values. The next section discusses the principles of measurement theory, and 
explores different approaches to scaling items that might lead to the development of a useful 
measuring rod for determining the relative value of all unpriced impacts that could be associated 
with any resource allocation proposal. 
MEASUREMENT THEORY 
The central problem posed in this dissertation is how to determine which of two or more 
controversial and mutually-exclusive resource allocation proposals is in the best overall interests 
of society. The resolution of this problem requires the adoption of suitable techniques for 
measuring different kinds of data. In order to rank environmental situations on a scale of better 
or worse, it is necessary to first,find a way of placing meaningful values on the various outcomes 
associated with the alternatives, and this must be done in a way that is appropriate to the 
situation at hand (i.e., depending on the importance of the decision and the resources available 
for measuring the data). 
Two very different types of measurement problems are involved. The ultimate 
measurement problem is to rank-order the proposals by the selected criteria (see Defining 
Evaluation Criteria in Chapter 4). But in order to accomplish and justify this rank-ordering, an 
important intermediate measurement problem must be addressed: the relative value or utility of 
all the outputs associated with each alternative must be judged so that their combined effect can 
be compared. Human values are essentially subjective and so the difficulty is in establishing a 
subjective metric that will bring all the costs and benefits of each alternative under- a common 
measuring rod (Thurstone, 1954). This subjective unit of measurement must be deemed 
sufficiently accurate to serve as a guide for making the necessary measurements, comparisons 
and trade-offs. Therefore another field of study that is relevant to the topic of this dissertation is 
that concerned with obtaining reliable and valid measurements of data sets. 
In what follows the general concept of measurement will first be discussed, then the various 
scales of measurement will be presented, and finally several methods of measurement will be 
explored. 
The Nature of Measurement 
According to Green and Tull (1978), measurement is concerned with the correspondence 
between empirical entities and a formal model consisting of abstract elements (e.g., numbers), 
the relations among these elements, and the operations that can be performed on them. Coombs 
et al. (1970) state that the subject matter of measurement theory is the delineation of the 
various types of measurement and the explication of their meaning. The goal of measurement 
theory is to analyze the measurement process, and determine the appropriateness of various 
measurement procedures and the meaningfulness of their results. 
According to Coombs et al. (1970), the basic problems of measurement theory are 
• The representation problem: if not all attributes can be measured, what conditions are 
required for the construction of a measurement scale? 
• The uniqueness problem: for a given measurement procedure, how much freedom is there in 
assigning numbers to objects? 
• The meanin~ulness problem: what assertions can be meaningfully made on the basis of a 
numerical measurement scale? 
·~·· ·: 
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• The scaling problem: how can we construct numerical scales and convert ordinal 
information into statements about numbers? 
Following is a brief discussion of each of these problems (based on Coombs et al., 1970). 
Representation 
A numerical system is regarded as a model of the world if it reflects the structure of the 
world or represents its essential features. Because measurement is numerical representation of 
an empirical relational system by a formal relational system, it is essential that the relations 
among the objects of the world be properly reflected by the relations among the numbers 
assigned to them. 
Uniqueness 
Given that there is a correspondence between numbers and some empirical relational 
system, there is then the question as to how much freedom we have in constructing a scale and to 
characterize the relationships among the data. This concern has to do with admissible 
transformations of scale values - e.g., to meet the requirements of an ordinal scale, 
transformations need only be order preserving, but to meet the requirements of an interval scale, 
transformations must be difference preserving. 
Meaningfulness 
In some cases no objective meaning can be given to the uniqueness problem, but a statement 
involving numerical values is formally meaningful if its truth (or falsity) is invariant under all 
admissible transformations of the scale values. An example is the IQ scale, which is widely 
regarded as providing a useful and highly informative index even though no measurement theory 
for intelligence is available. In this case, even though the uniqueness problem is not well defined 
(because of the absence of a well-defined representational relation), measurement can still be 
regarded as valid and meaningful, provided that subjects can follow instructions in a consistent 
and unbiased fashion. 
T4is important proviso or assumption has testable consequences, and tests are needed to 
validate a measurement procedure. For example, if Xis felt to be twice as heavy as Y, which in 
turn is felt to be three times as heavy as Z, then according to the ratio estimation procedure, X 
should be felt to be six times as heavy as Z. Hence, although numbers can be properly assigned 
to objects even in the absence of a well-defined measurement model, the meaningfulness of the 
results depends on the validity of the underlying assumptions. 
Scaling 
Scaling is the process of assigning numbers to objects or properties. A central concern of 
measurement theory is establishing the conditions under which various types of scales can be 
constructed. Rarely are measurement models satisfied exactly, and the purpose of measurement 
is to provide a satisfactory relationship between numbers and entities (Alchian, 1953). There are 
many different conditions under which measurement may be considered desirable and 
appropriate, and there are several different ways to measure data, according to the nature of the 
data and the problem at hand. 
Even if validity and precision cannot be assured, it may be better to measure than not to 
measure. The challenge is to find a scaling method that removes error from "noisy" data and 
provides means of estimating the "true" scale values. For example, if one assumes the existence 
of a universal set of human values ("true scale values") that differ in significance or importance, 
it seems reasonable to expect that there would be considerable error in each individual's 
measurement of these values due to imperfections in perception (''noisy data"); then the problem 
is to find some scaling method that provides the closest approximation of the true scale values. 
Scales have the potential to greatly facilitate our understanding of both objective and 
subjective data, even when measurement is imperfect. Stevens (1951) has pointed out that when 
this correspondence between the formal model and its empirical counterpart is close and tight, 
---------------------------------------------~ ·--·-·---··--
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we find ourselves able to discover truths about matters of fact by examining the model itself. 
And in the absence of other ways of obtaining and organizing data pertaining to the empirical 
relations among objects and events (such as, for example, the significance of outcomes from 
given acts), the numerical model may be the most reliable way we have to understand and 
express these relations. 
Primary Types of Measurement Scales 
There are four major categories of measurement scales, and each scale possesses its own set 
of underlying assumptions regarding the correspondence of numbers with real world entities. 
These correspondences progress as knowledge about phenomena increases. Each of the four 
scales of measurement is best characterized by its range of invariance - by the kinds of 
transformations that leave the "structure" of the scale undistorted (Stevens, 1951). The four 
relations which are associated with and distinguish the four scales are equality (nominal scale), 
rank order (ordinal scale), equality of intervals (interval scale), and equality of ratios (ratio 
scale). 
Fallowing is a brief discussion of the characteristics of these four scales (based on Green 
and Tull, 1978). 
Nominal Scales 
Nominal scales assume the least knowledge about correspondences between the abstract 
elements and the empirical entities. In this type of scale the numbers serve only as labels for 
identifying the entities of interest. Examples are numbers assigned to participants in a sporting 
contest, or numbers that identify a particular telephone exchange or subscriber. Nominal scales 
permit only the most rudimentary of mathematical operations, such as counting the number of 
members of each telephone exchange class and finding the modal or most numerous class. 
Ordinal Scales 
Ordinal scales assume the ability to rank entities ciecording to some attribute. In this type of 
scale the numbers serve to identify the order in which different entities are perceived to display 
or feature a particular attribute. It is therefore assumed that it is possible to distinguish whether 
one entity has more or less of the attribute than does another, but there is no presumption that 
the magnitude of the differences between the entities in terms of this attribute can be perceived. 
For example, a person may be able to rank a selection of scenic vistas for their aesthetic appeal 
without being able to say whether the difference between the aesthetic value of the first- and 
second-ranked scenic vistas is greater than that of the second- and third-ranked scenic vistas. 
Ordinal scales allow statistical descriptions concerning positional characteristics, such as 
median, quartile, and percentile or other summary statistics that deal with order among entities, 
but the usual arithmetical operations cannot be meaningfully interpreted with ranked data. 
Interval Scales 
These scales possess a constant unit of measurement which makes it possible to make 
meaningful statements about how much entities differ in terms of some attribute. Nevertheless, 
this type of scale does not have a true zero point; that is, the zero point on this scale is arbitrary. 
For example, both the Fahrenheit and centigrade scales measure temperature in a way that 
expresses the differences between any two states of "warmness" or "coldness", but both use a zero 
point that is not related to an absolute condition (i.e., absence of temperature, or absolute zero). 
This means that although certain mathematical operations can be meaningfully performed on the 
data, it is not possible to say that any value on a specific scale is a multiple of another. For 
example, 50 degrees Fahrenheit is not "twice as warm" as 25 degrees Fahrenheit. Nevertheless, 
the differences between values on a temperature scale are multiples of each other. That is, the 
difference between 50 degrees Fahrenheit and 0 degrees Fahrenheit is twice the difference 
between 25 degrees Fahrenheit and 0 degrees Fahrenheit. Most ordinary statistical measures, 
such as arithmetic mean, standard deviation, and correlation coefficient, require only interval 
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scales for their computation. But some statistical measures, such as the geometric mean and 
coefficient of variation, cannot be applied to interval scaled data. 
Ratio Scales 
These scales possess a unique zero point and therefore all arithmetic operations are 
permissible on ratio scale measurements. Ratio scales, which are commonly associated with 
(and very important to) the physical sciences, allow one to move from one scale to another by 
applying an appropriate positive multiplicative constant because equal ratios among the scale 
values correspond to equal ratios among the entities being measured. For example, 3 yards is 3 
times 1 yard, and 9 feet and 3 feet are in the same ratio, viz., 3:1. A ratio scale contains all the 
information (class, order, equality of differences) of lower-order scales and more besides, so 
that all statistical computations can be performed on ratio scales. 
Extensions of Scale Types 
Measurement theorists have found ways of extending the primary scales discussed above. 
One development of particular importance to psychological scaling is the application of what are 
known as ordered metric scales. These scales are concerned with ordering points along a 
continuum, and then ordering intervals separating adjacent points (see Box 3.4). A first-ordered 
metric is one in which adjacent intervals can be ordered. But if the intervals between each pair 
of points can be ordered, then one obtains a higher-ordered metric (or "ordered metric") which 
conveys much more information than the simple ordinal scale. Inf act, by adding more and more 
points on the continuum separating the end points, it is possible to eventually obtain an interval 
scale. Ordered metric scales are important to various nonmetric approaches to 
multidimensional scaling and multivariate analysis (Green and Tull, 1978). 
BOX3.4 
Constructing Ordered Metric Scales 
(from Green and Tull, 1978) 
Assume that we have ordered five points, A, B, C, D, and E, along a continuum and, 
furthermore, that we can order intervals separating adjacent points as: 
AB <BC< i5'E <CD 
where the "bar" denotes "distance" between a specific pair of.points. The representation below 
would satisfy these inequalities. ' 
AB C D E 
Methods of Scaling Data 
A number of methods have been developed for scaling data, as well as several variations of 
some of the basic methods. These methods are sometimes called by different names, and 
different classification systems have been developed (see, for example: Baird and Noma, 1978; 
Green and Tull, 1978; Guilford, 1954; Stevens, 1957; Thurstone and Jones, 1959; Torgerson, 
1958). Green and Tull (1978) have identified two general types of methods for scaling data: 
variability methods and quantitative-judgment methods. The former yield ordinal 
measurements, while the latter yield interval or ratio measurements. 
Variability Methods 
These methods assume the basic data can only be ordinal-scaled. They include paired 
comparison, ranking, ordered-category sorting, and rating methods. 
• The paired-comparison method involves dividing the data into every possible 
combination of pairs, and then comparing each pair of items in terms of the attribute of 
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interest and deciding which item of each pair ranks higher. This method is time-consuming 
and produces inconsistencies (i.e., intransitive judgments). 
• The ranking method involves a straightforward ordering of the entire list of items. This 
method is faster than paired comparison, but can be difficult to apply if there is a long list of 
items to be ranked; this method can also force consistencies when there may be genuine 
cases of in transitivity. 
• The ordered-category sorting method involves the ranking of groups of items, which can 
then be further ordered using other techniques. This method is useful for dealing with large 
numbers of items, but is based on the assumption that all items within a given category hold· 
the same rank-order relationship with all items within another category. 
• The rating method involves assigning a number (e.g., from 1to5), or a quality (e.g., very 
dull, dull, neutral, bright, very bright) to each item which expresses the degree to which it 
possess the attribute of interest. This method is easy to apply and can provide an ordering 
in numerical, graphic or verbal terms (or a combination of these). 
Quantitative-Judgment Methods 
These methods are concerned with expressing the difference between items in terms of the 
attribute of interest. They include direct-judgment, fractionation, constant sum and scaling 
model methods. 
• The direct-judgment method involves rating items on some scale which emphasizes 
subjective distance relative to other items. The problem with measuring subjective distance 
is that the subjective origins of respondents, and the scale units used by respondents, may 
differ from each other or at different times (even during a single series of measurements). 
• The fractionation method involves asking resp6ndents to give a numerical estimate of 
the ratio between two items with respect to the attribute of concern. This can be repeated, 
comparing all items to some standard item. The problem of subjectivity (the tendency of 
respondents to scale from different points of origin and use different scale units) also 
applies to this method. 
• The constant sum method involves distributing some number of points over the items to 
show their relative value in terms of the attribute of interest. This provides a subjective 
ratio score between each pair of items based on uniform scale units, but the absence of an 
objective point of origin means that the values assigned by different respondents may have 
widely divergent" meanings. For example, it is conceivable that two respondents could give 
identical scores to each item (say 20 points to each of 5 items) when one respondent 
regarded all the items as having great value and the other respondent regarded all the items 
as having very little value. 
• The scaling model method involves transforming raw data that are ordinal-scaled (from 
one of the variability methods) into a set of scale values that are interval-scaled. For 
example, Thurstone's Case V Scaling Model j.s based on an analysis of numbers of 
observations as to whether one thing is preferred to another; the modal discriminal process 
I 
yields a particular response more often than others. The scale difference between the 
modal discriminal processes for any two stimuli is called the discriminal difference, and it is 
assumed that the discriminal differences between pairs of stimuli are normally distributed 
(it is also assumed that the mean = median = mode). This allows the calculation of 
standard unit variates called "Z values" that are associated with a given proportion of the 
total area under a normal curve, so that an interval scale may be derived from an ordinal 
scale through statistical analysis (Green and Tull, 1978). 
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These methods of scaling data suggest several approaches that might be taken to the 
problems of (1) measuring the relative significance of unpriced impacts and (2) rank-ordering 
alternative proposals by a set of specified evaluation criteria. For example, Stevens (1951) 
claims that there is persuasive evidence to attest the empirical validity and reliability of the 
judgment of ratios. Direct scaling procedures have been applied in several areas of behavioural 
science, and this research indicates that the typical observer has an extraordinary ability to make 
direct magnitude matches on one continuum to the same aspect on another (Stevens, 1975:230). 
This simple and direct kind of measurement has been applied not only to the quantification of 
sensory magnitudes, but also to other interesting matters concerned with human judgment. 
Examples are the prestige of different occupations, the seriousness of different crimes, 
preference for wristwatches, the aesthetic value of handwriting, and the importance of Swedish 
monarchs (Stevens, 1975). 
Ratio estimation procedures have led to consensus in judgments for a wide variety of metric 
and nonmetric stimuli, but the question is whether such results can be regarded as valid. Stevens 
(1975:266-267) has adduced evidence that they can: 
For both kinds of continua - those based on metric stimuli and those based on 
nonmetric stimuli - we find a constant relation between the scale erected by 
direct judgment and the poikilitic scale derived from a unitizing of variability or 
confusion. Whether the stimuli themselves are measurable on ratio scales or 
only on nominal scales, the judgmental scale based on units of variability is 
approximately proportional to the logarithm of the scale constructed by one or 
another of the direct scaling methods, such as magnitude estimation. The 
extensive invariance of that logarithmic relation attests to a principle known 
throughout all of science - namely, that error or variability tends to be relative: 
the size of the error grows with the magnitude of the thing measured .... The 
emergence of a similar rule in the subjective doma.in - a rule that variability tends 
to increase in proportion to the apparent magnitude - suggests an essential unity 
among the principles that govern quantitative relations in widely diverse 
endeavors .... For those who must build their science on a consensus based on 
one or another expression of human judgment, the way stands open for an 
effective ratio-scale quantification ... the foundations of social psychophysics 
have been set in place. 
The next chapter discusses one approach to scaling data, as well as other possible 
applications of measurement theory, economic theory, and decision theory in the development of 
an environmental evaluation methodology for improving resource allocation decisions. 
DISCUSSION 
This chapter has presented a discussion of several concepts discovered in the literature 
which are considered to provide a suitable foundation for the development of an environmental 
evaluation methodology. The literature on decision making, economics, and measurement have 
provided the major theoretical constructs for the development and testing of an evaluation 
methodology, and in particular for devising a formal method of evaluation which can aid decision 
making when proposals are especially controversial. 
Decision making necessarily entails some evaluation of the possible outcomes of alternative 
proposals. Because in the case of controversial resource allocation proposals the evaluation 
problem is usually very complex, and there is likely to be considerable disagreement as to the 
relative importance of specific evaluation criteria, a special effort should be made in such cases 
to ensure that the decision is guided by procedures which are both rational and systematic. A 
major question, therefore, is how to best apply and trade-off the criteria. Several alternative 
approaches to decision making were discovered. 
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First there is a need to follow a general procedure which is based on principles of political 
rationality, in order to guide planning, assessment and evaluation. But if there remains serious 
dispute between major concerned parties, there is also a need to make provision for a specific 
procedure (a formal method of evaluation), which is based on principles of economic rationality, 
in order to identify which proposal is superior. While "satisficing" may be the most practical 
approach to making most resource allocation decisions, there are cases when the importance of 
the resources and the intensity of the conflict may warrant application of the "maximizing" 
approach. 
While Decision Analysis has given rise to a number of approaches for making decisions 
involving multiple criteria, most of these are relatively sophisticated, time-consuming and costly. 
In addition, such methods are designed to be employed by the decision maker himself, rather 
than by groups of individuals whose combined knowledge, expertise and insight might be 
expected to provide more acceptable judgments. Conflict situations are characterized by 
misunderstanding and mistrust; therefore, a ~ evaluation procedure based on behavioural 
interaction is likely to have greater credibility than an evaluation procedure which utilizes the 
value judgments of only one person. 
There is thus a need for a relatively simply and straightforward approach to obtaining group 
thinking on how to make a decision involving multiple criteria. Group evaluation procedures 
such as Delphi and the Nominal Group Technique can bring a greater body of information and 
experience to the evaluation, and reduce the real or imagined effects of partiality and narrow 
self-interest. These two approaches therefore provide promising models for the development of 
a method for evaluating controversial resource allocation proposals. 
The principles and concepts of economics (and particularly the emerging discipline of 
environmental economics) can provide a sound theoretical foundation on which a rational 
philosophy of resource management could be based, including formulating the goal of resource 
allocation and the criteria for evaluating resource allocation proposals. Cost-benefit Analysis 
provides a promising framework for evaluating controversial resource allocation proposals, but 
it has been essentially limited to applying the efficiency criterion and has been c-riticized for 
failing to properly evaluate "unpriced" costs and benefits. But the theory underpinning Cost-
benefit Analysis could provide a major part of the rationale for the general evaluation 
methodology, and the cost-benefit framework could provide the basic model for a suitable 
method of formal evaluation. In addition, various shadow-pricing techniques and other 
approaches to evaluation associated with Cost-benefit Analysis and environmental economics 
could be important adjuncts of a formal method of evaluation. 
Although advances in shadow-pricing and other techniques have partially overcome the 
problem or evaluating nonmarket goods, it is not always practical or acceptable (especially in 
Third World situations) to apply these techniques, and in any case there are often major costs 
and benefits which remain completely nonmonetizable. The big problem is how to measure or 
otherwise take account of nonmonetizable costs and benefits. 
the literature dealing with measurement and scaling was essential to developing an 
understanding of the problem of evaluating outcomes which cannot be objectively quantified or 
expressed in commensurate units. Several techniques were reviewed which suggest different 
possible approaches to the very difficult problem of valuation, which is the principal subject of 
this dissertation: judging the relative significance of unpriced impacts from resource allocation 
activities. Measurement theory provides characteristics of different scales which may be used to 
organize and mathematically manipulate data, and several scaling techniques have been 
developed which could provide the basis for developing a practical and reliable approach to 
estimating the relative significance of nonmonetizable impacts. There are two major difficulties 
in undertaking group evaluations of nonmonetizable costs and benefits. First, each individual 
must apply some acceptable procedure for measuring the relative value of each cost and benefit. 
Then the values assigned to each cost and benefit by several individuals must be aggregated to 
yield a group measure of the net benefit associated with a proposal. In order to do this, however, 
_/ 
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individual valuations must be scaled from a common point of origin and expressed in uniform 
scale units, and this must be done in a way that is not unduly distorting, and that will be 
acceptable to the concerned parties. This task is the central challenge which must be addressed 
if one is to apply a group evaluation procedure within a cost-benefit framework. 
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CHAPTER 4-
THE DEVELOPMENT OF A RESOURCE 
MANAGEMENT STRATEGY AND AN 
ENVIRONMENTAL EVALUATION METHODOLOGY 
OVERVIEW 
This chapter is concerned with exploring issues that are particularly relevant to the central 
problem of how to allocate resources, and to bring certain fundamental concepts into a unified 
theoretical basis for the development of a suitable environmental evaluation methodology. 
A comprehensive approach to resource management involves both strategic considerations -
to provide general guidance for managing the national resource base - and methodological 
considerations - to provide guidance for making specific resource allocation decisions. 
Accordingly, the resource management problem is addressed at two levels. On one level, certain 
principles, policies and procedures are presented which serve to define a broad management 
strategy. On the second level, an evaluation methodology is presented to aid in the 
implementation of this strategy, and to provide the value information that is needed to choose 
between resource allocation proposals. 
The management strategy and evaluation methodology have been designed to meet the 
requirements of the present situation in South Africa. Because environmental evaluation has not 
heretofore played a large role in resource management in South Africa, and expertise and other 
resources are in short supply, the research emphasis was on developing relatively simple and 
cost-effective methods and techniques for accon;i.I?lishing both formal and informal 
environmental evaluations. 
The chapter begins by formally identifying the goaL objectives and evaluation criteria that 
have been adopted to guide resource allocation decisions. The evaluation criteria are then used 
to devise a general strategy for managing the resource base. Attention then turns to the 
development of a research methodolo1iy for evaluating competing resource allocation proposals. 
The major focus of the chapter, however, is on identifying the requirements of a specific method 
of formal evaluation that can be applied to especially controversial resource allocation 
proposals . 
. It was decided to adopt a cost-benefit framework in developing a formal method of 
evaluation because there appears to be no other practical solution to the methodological 
problems of valuation (Pearce, 1983). There is a brief discussion of the issues that arise from a 
decision to give Cost-benefit Analysis a major role, and how these issues will be addressed. 
Then two further questions are addressed that must be answered before. the formal 
evaluation method can be developed: 
• Who will do the evaluating? 
• What evaluation techniques will be acceptable to all potentially concerned parties? 
These questions are answered in terms of the previously specified principles underpinning a 
research methodology for environmental evaluation, as well as in terms of the issues that have 
been raised in conjunction with Cost-benefit Analysis. It is concluded that a group evaluation 
method is more likely to be acceptable to all concerned parties in a resource allocation dispute, 
and is also more likely to identify the proposal that is actually in the best interests of society. 
Following a discussion of the advantages of group evaluation techniques, there is a decision to 
base the evaluation method on Delphi concepts. 
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Next there is an examination of the fundamental problem of measuring unpriced impacts, 
and a proposed solution to the problem is advanced. Finally, a set of procedures which 
constitute a formal evaluation method is briefly described, and then two case studies are 
presented which illustrate somewhat different variations and applications of the method. The 
chapter concludes with a critique of these case studies, and a discussion of the need to develop 
new procedures for three of the critical evaluation tasks. 
DEFINING EVALUATION CRITERIA 
Biswas and Geping (1987:191) have stated that environmental concerns m developing 
countries are marked by a determination to achieve sustainable development in an 
environmentally-sound manner. But beneath this disarmingly simple and clear statement lurk 
great complexities and difficulties. The pursuit of environmentally-sound, sustainable 
development poses one of the great global challenges of the coming decades. In order to develop 
a practical guide to action, the challenge needs to be operationally defined, and specific goals, 
objectives and evaluation criteria need to be formulated. This will then provide direction for the 
development of sound resource allocation strategies and environmental evaluation procedures. 
The social welfare function in economic theory can be reformulated to embrace such ideas 
as achieving sustainable development and maintaining environmental quality. According to 
Pearce (1986:394), the social welfare function is a statement of a society's objectives in which the 
level of social welfare or well-being is represented as a function of the way in which resources 
are allocated. 
In defining social welfare we face two sets of problems. The first problem 
concerns the "social aspect". In general, social welfare is seen as some 
aggregation of the welfare of individual members of a society - this raises the 
question of how the aggregation is to be achieved. The second problem relates to 
the concept of "welfare". I.M.D. Little has argued ... that "welfare" is an ethical 
concept since to define something as contributing to welfare is to make a value 
judgment about whether that thing is good or bad ... definitions of social welfare 
are usually regarded as value judgments. 
A social welfare function is equivalent to a decision rule or "constitution'', i.e. a set of rules 
for transforming the opinions and desires of the members of a society into concrete choices 
made from the alternatives which are available to that society (Bannock, et al., 1978:415). 
Although one school of thought argues that Arrow's "Impossibility Theorem" has rendered the 
concept of a social welfare function inoperable, another school argues that some of Arr6>V's 
requirements are not reasonable and that it is possible to work with any "given" social welfare 
function without being directly concerned with the process of formation (Bannock, et al., 
1978:416; Pearce, 1986:394). Herfindahl and Kneese (1974:388) have suggested that if the 
·theorist feels that there are defects in the process by which society determines courses of action, 
he may want to abandon his role as observer and try to specify those aspects of the social welfare 
function that ought to be adopted by society. 
Resource allocation decisions can be improved, and controversies surrounding resource 
allocation proposals can be resolved (or greatly reduced) if all concerned parties can agree on 
the adoption of a form of the social welfare function and an approach to evaluation that will 
result in a ranking of alternative environmental situations (to include both biophysical and 
socioeconomic considerations) on a scale of better or worse. Before such an approach can be 
developed, however, it is necessary to clearly establish what evaluation criteria are relevant and 
to formally define these criteria. And by the same token, before evaluation criteria can be 
formulated, the goal of resource allocation must be formally defined. If this goal is to be 
universally accepted, it must be derived from a reasonable set of premises. The following 
discussion is directed at developing an acceptable form of the social welfare function that is 
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relevant to contemporary social and environmental circumstances (particularly in a Third World 
context). Specifically, the discussion is intended to clarify the premises on which the goal of 
resource allocation is based, the objectives of resource allocation that are derived from the 
premises and goal statement, and the evaluation criteria that are related to the objectives. 
Premises 
The resource allocation strategy and environmental evaluation methodology that have been 
developed during the course of this study are ultimately grounded on the following premises 
(Dohan, 1977; Herfindahl and Knee:'ie, 1974; Lipsey, 1979; Lutz and Lux, 1979; Maler, 1985; 
Mishan, 1981; Page, 1977). 
• Resource allocation decisions are solely concerned with improving social well-being; i.e., 
we can reject any value system concerned with maximizing variables independent of their 
relationship to human welfare (Dohan, 1977:134). This means that impacts on other species 
and on natural systems are only relevant insofar as these affect mankind. 
• Every improvement in social well-being is achieved at some "opportunity costU: Opportunity 
costs are perceptions of something lost or foregone in order to have something else, and can 
be material or nonmaterial in nature (e.g., clothes, flowers, time, scenic views or energy). 
• If a given amount of resource can be made to yield higher net benefits, then society can be 
made better off. 
• A society's well-being is made up of the well-being of those individuals comprising that 
society. 
• A society is comprised of groups of individuals placed differently in time as well as space, 
and the well-bei~g of these present and future groups will be differently affected by 
resource allocation decisions.· .. 
• The well-being of each individual or group of individuals in society is inherently as 
important as the well-being of any other individual or group of individuals, and therefore 
both the intragenerational and intergenerational distribution of costs and benefits are 
relevant to any evaluation of social well-being. 
O( these six premises, perhaps only the first and the last may be considered very 
controversial. As regards the latter, the goal of resource allocation activity depends on whether 
one takes a narrow, individual perspective, or a broader, social perspective: the goal of the 
individual is simply to maximize his own well-being (and that of any groups with which he 
identifies), while the goal of society is to advance the general welfare, which entails reconciling 
the competing interests of individuals and groups comprising society. Some individuals are only 
concerned about themselves and those who are close to them, and feel no real commitment or 
obligation to other members of society. This stance can be regarded as rational from the 
individual or group point of view, particularly when other individuals or groups are seen as 
potentially hostile or remote (in space or time), or when great sacrifices might be expected of 
one's own group to better the condition of another group (Hardin, 1977a). 
But there is no rational or ethical basis for placing the interests of one individual or group 
over that of any other, and the decision maker who has been entrusted with responsibility for the 
allocation of society's scarce resources has a logical and moral responsibility to consider and 
balance the claims of competing groups in order to advance the welfare of society as a whole, and 
not to use his power to advance his own personal interests or the interests of his particular group. 
The fact that this is rarely done does not obviate the fact that it should be done, and there are 
indications that historically recent developments in the economic, social and political 
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circumstances of many countries now dictate that it is in the self-interest of the dominant groups 
in every society to give more attention to the wider social perspective (Wilson, 1978:199). 
As regards the first premise, the assumption that resources are to be allocated for the 
benefit of mankind (and not for other species or aspects of nature), there are many people who 
feel that the welfare of individual human beings - or even of the entire human race - should be 
subservient to maintaining the natural order. The debate over whether nature should be saved 
for man's sake or for nature's sake is complex and revolves around highly personal value 
judgments based on religious convictions and/or ethical principles deriving largely from 
individual emotional responses to nature and man (Daly, 1987; Leopold, 1966, 1970; Kneese and 
Schulze, 1985; Passmore, 1974a, 1974b; Stone, 1974; White, 1967). While it is not possible to say 
one viewpoint is right and one is wrong, there is a very pragmatic reason for accepting the view 
that resource allocation decisions are to be directed at improving the welfare of mankind: people 
who have the responsibility and the power to make resource allocation decisions are almost 
always motivated to place human interests above the interests of any other part of nature 
because they are beholden to their constituencies - i.e., they are acting on behalf of and in the 
interests of societies of men. 
In addition, no matter how sympathetic decision makers may be to the idea of protecting 
nature, they are charged with making marginal decisions to improve social well-being, and the 
philosophy of saving nature for nature's sake does not provide a practical guide to action for 
making decisions at the margin (e.g., many of man's actions adversely affect parts of nature in 
some way; what decision rule can be used to determine which or how much of these actions are 
acceptable?) Therefore, if the first premise is not accepted, there is no rational basis for guiding 
human activity: if all nature must be protected, social progress will be impossible; and if some of 
nature is to be protected, the question is what parts, and how much, and how will these decisions 
be made? These are not academic arguments - they are important considerations to be 
addressed if one is to avoid emotional blinkers and formulate an acceptable rationale for making 
resource allocations decisions. 
The proponents of saving nature for nature's sake (most of whom recognize that parts of 
nature must be sacrificed for human ends) usually advocate this position for one of two reasons: 
because of their personal preference for nature (and relative lack of concern for humanity), or 
because they fear that mankind will continue exploiting nature until both collapse together. The 
first reason - the "elitist argument" - is not really morally or rationally defensible in a country 
such as South Africa, where large sectors of the population still live in great poverty. But the 
second reason is more cogent: if resource allocation is_ only concerned with improving social 
well-being, and this is always done at the margin (i.e., taking decisions which have a limited 
context, such as concern with a pa~ticular group within a limited geographical area and over a 
limited time period), then unforseen cumulative or synergistic effects could eventually result in a 
sudden and disastrous decline in social well-being and, conceivably, the destruction of nature as 
we know it. 
Nevertheless, surely some exploitation of nature is still possible, and perhaps there is no 
inherent contradiction between social progress and the preservation of nature (see Appendix G 
for a fuller presentation of this argument). Because the natural environment offers many 
elements which contribute to the prospects of survival, and enhance the enjoyment of living, the 
first premise can be accepted and a strong case still made for maintaining natural and near-
natural areas: if one takes the longer and wider view that is implied by the last two premises 
listed above, then the preservation of other species and of natural systems can be regarded as 
vitally important to improving social well-being (Stauth, 1980). 
Goal, Objectives and Criteria 
These premises are based on a priori judgments that have been instrumental in shaping 
economic thinking, although not all economists would agree on the validity - or relevance to 
economic theory - of the last premise. A particular difficulty is to devise an acceptable form of 
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the social welfare function that would explicitly address the distribution of costs and benefits 
over generations. Nevertheless, the idea of sustainable development is receiving increasing 
attention (Allen, 1980; Clark, 1989; International Union for the Conservation of Nature, 1980; 
World Commission on Environment and Development, 1987), and several theorists have made 
suggestions as to how this problem might be resolved (Boulding, 1971; Daly, 1987; Goodin, 1982; 
Green, 1977; Herfindahl and Kneese, 1974; Kneese and Schulze, 1985; Layard, 1972; Layard and 
Walters, 1976; Mishan, 1981; Mueller, 1974; Page, 1977; Pearce, 1983, 1988; Price, 1973; Sharp, 
1981). It would appear that the chief difficulty in gaining acceptance for a modification of the 
social welfare function is the lack of a practical procedure for applying a new criterion pertaining 
to the concept of sustainability, and the distribution of costs and benefits over generations which 
are widely separated in time. 
In any case, if the six premises are accepted, then the following goal statement can be 
derived from them. 
Goal Statement 
The goal of resource allocation is to achieve the highest possible level of 
social well-being over a time period spanning multiple generations. 
While there are ambiguities in this statement - such as what precisely is meant by "social 
well-being", or the time horizon implied by "multiple generations" - it is believed that precise 
definitions are not necessary to achieving the general understanding that is needed to establish 
the goal as a useful guiding principle for decision making, and to derive the evaluation criteria 
that are both necessary and sufficient to make resource allocation decisions. The central concept 
is that resource allocation should be directed at improving, to the greatest extent possible, the 
well-being of all individuals, including those of future generations, and that this should be done 
by pursuing "paths of social, economic and political progress that meet the needs of the present 
without compromising_ the ability of future generations to meet their own needs" (Clark, 
1989:20). It is, however, recognized that because it is not possible to maximize two variables 
simultaneously (Hardin, 1968), difficult choices must be made as to how much should be done to 
improve the well-being of any one group. In fact, this consideration is what gives rise to the 
formulation of different evaluation criteria. In any case, the interpretation given in this 
dissertation to the key terms of the goal statement during the development and application of the 
formal method of evaluation can be stated as follows. 
• Social well-being is defined in terms of the "hierarchy of needs" concept (Maslow, 1970): a 
society is better off as more of its members satisfy their true, biologically-determined basic 
needs, and social well-being would be maximized when all of its members have attained self-
actualization (i.e., realized theirf ull human potential). 
• Multiple generations is understood to encompass all posterity and so extend the time 
horizon of concern into the indefinite future on the assumption that (1) social progress can 
and should be perpetuated, and (2) the welfare of remote generations is inherently as 
important as that of present generations (see the last premise above). 
Objectives 
An examination of the premises used to derive the goal statement, and the ambiguities and 
inherent contradictions found within the goal statement itself, leads t? the formulation of three 
sub-goals or objectives to guide resource allocation decisions. 
• An action should be efficient (i.e., benefits should exceed costs). 
• An action should be equita~le (i.e., benefits and costs should be distributed fairly over the 
different groups comprising present-day society). · 
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• An action should be sustainable (i.e., benefits should continue to exceed costs over 
intergenerational time periods). 
In other words, resource management is directed at making "efficiency improvements", 
"equity improvements" and "sustainability improvements" in the allocation of scarce 
resources. Unfortunately, these objectives normally cannot be maximized - and often cannot 
even be advanced - simultaneously. That is, any given action will have different implications for 
each of the objectives, and different actions will tend to further different objectives (so that one 
objective may be furthered at the expense of another). This means that in the evaluation of two 
or more resource allocation proposals, judgments have to be made as to which action will have 
the best overall outcome in terms of all three objectives taken together. When considered in this 
light, the objectives become evaluation criteria, and the evaluation problem is to first judge the 
performance of each proposal in terms of each criterion, and then to find some means of trading-
off the effects in terms of each criterion in order to judge which proposal best meets all three 
evaluation criteria taken together. 
Evaluation Criteria 
When the objectives of resource allocation have been re-formulated as evaluation criteria, 
they may be defined as follows. 
• 
• 
• 
The "efficiency criterion" - an action is efficient if at least one member of today's society is 
made better off without anyone else being made worse off. (An action may also be regarded 
as efficient if gainers could potentially compensate losers and still be better off.) 
The "equity criterion" - an action is equitable if it serves to bring about a situation in which 
the distribution of costs and benefits to present members of society is considered to be 
improved. (And if gainers actually compensate losers so that the distribution of costs and 
benefits remains the same or is improved, then that action is both efficient and equitable.) 
The "sd~tai~ability (or intergenerational) criterion" - a~ a~tion has· acceptable 
intergenerational effects if the prospects for improvements in future social well-being are 
not diminished. (If benefits are expected to exceed costs for future generations, then focial 
progress will be sustainable.) 
While intergenerational trade-offs could theoretically be viewed as a problem in efficiency 
(i.e., whether benefits exceed costs over an indefinite intergenerational time horizon), it is more 
practicable to view them as an equity problem (i.e., whether costs and benefits are distributed 
fairly over generations). This is partly because the efficiency criterion is normally conceived by 
decision makers only in terms of the well-being of their immediate constituency: present 
members of society. But in addition, an efficiency analysis t4at tried to incorporate valuations by 
future generations would be lacking in both rigour and credibility due to the difficulty in 
forecasting and evaluating such effects. It is therefore preferable to treat intergenerational 
effects as a temporal distributional problem. Since the term "equity criterion" is commonly 
understood to refer to the distribution of costs and benefits between groups comprised of 
present-day members of society, this term has been adopted with that meaning, while the terms 
"intergenerational criterion" and "sustainability criterion" have been used to refer to 
distributional effects between present-day groups on the one hand and future generations on the 
other. 
Of the three criteria that have been identified as being both necessary and sufficient to 
determine whether an action will further social well~being - efficiency, equity, and sustainability 
- only the first (efficiency) is independent of ethical judgments as to an individual's responsibility 
to society. All individuals on the selfish-altruistic continuum presumably would desire actions to 
be efficient, and the greater the net benefits (other things being equal) the better. While there is 
no such agreement on the other two criteria, the general principles underlying the notions of 
equity and sustainability are in themselves also rational and unobjectionable; all people should 
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be able to agree that it would be desirable for an action to be equitable and sustainable as well as 
efficient so long as' they and their group would not be seriously threatened or inconvenienced. 
Therefore, these two criteria are also universally acceptable to apply to resource allocation 
decisions, since the only real disagreement is how much weight should be given to each of the 
criteria when applied to a specific action. 
In applying the three evaluation criteria to alternative resource allocation proposals, it is 
necessary to identify and estimate in some way the costs and benefits associated with the 
proposals. This would include all costs and benefits of concern to anyone, including both adverse 
and beneficial environmental or social impacts, whether they can be expressed in monetary terms 
or not. 
Ideally, a thorough analysis of this kind would be done for each present-day social group 
that would be differently affected, then for present.-day society as a whole, and finally for future 
generations. These analyses would then provide a way of judging how well alternative proposals 
satisfy each of the three evaluation criteria, although it would still be necessary to apply some 
other approach to trade-off the criteria. In practice, resource limitations and other 
considerations (including theoretical difficulties) will often restrict the application of a rigorous 
analysis of this type to present-day society as a whole; this provides a measure of the relative 
efficiency of proposals, and other approaches can then be taken to apply the equity and 
sustainability criteria. 
Having specified the goal and evaluation criteria to guide resource allocation activity, it is 
possible to formulate a resource management strategy and environmental evaluation 
methodology. The next section presents a proposed strategy to establish the context within 
which an evaluation methodology can be applied. 
DEVISING A RESOURCE MANAGEMENT STRATEGY 
Simon (1978) has pointed out that when problems become interrelated, as energy and 
pollution problems have become, there is the constant danger that attention directed to a single 
facet of the web will spawn solutions that disregard vital consequences for the other facets. The 
task of improving resource allocation decision making, therefore, needs to be addressed at two 
levels. At one level there is the problem of applying evaluation criteria to specific resource 
. allocation proposals. But at a broader level there is the problem of determining appropriate 
policies, legislation and administrative procedures that can serve to constrain and give direction 
to the entire resource allocation process, including the application of particular evaluation 
methods. These more general considerations - which taken together may be regarded as a 
strategy for managing the national resource base - need to be addressed first since they provide 
the context within which a research methodology for environmental evaluation will be employed. 
Because the focus of this dissertation is on developing an environmental evaluation 
methodology (to address the more specific level of resource allocation decision making ref erred 
to above), the following discussion is necessarily brief, and intended only to indicate some of the 
major considerations and possibilities in devising a management strategy. Nevertheless, certain 
aspects of the recommended management strategy alluded to here are discussed more fully in the 
appendices. 
Proclaiming a National Conservation Policy 
A serious difficulty with resource allocation decisions concerns the fact that almost every 
resource allocation proposal is considered within a narrowly circumscribed boundary and 
timeframe of analysis. A proposal that is judged superior to others from a local perspective 
might not seem as appealing from a national point of view, or from the perspective of future 
generations; in addition, some resource allocation decisions have major irreversible effects, and 
therefore if the decision proves to be suboptimal nothing can later be done to improve the 
situation. For this reason, resource economists such as S.V. Ciriacy-Wantrup have advocated 
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establishing a ''safe mm1mum standard of conservation" (Herfindahl and Kneese, 1974:389). 
This is a major argument that has been used, in one form or another, by many conservation-
oriented economists who would constrain resource allocation choices (Daly, 1987; Herfindahl 
and Kneese, 1974; Page, 1977). The thrust of the argument is that since almost all resource 
allocation proposals are judged in a limited spatial and temporal context, in which the more 
direct and immediate benefits of development proposals have an advantage over the broader and 
longer-term benefits of conservation proposals, a sub-optimal level of conservation benefits is 
likely to be provided for society as a whole. 
The solution suggested here is that a national conservation policy should be adopted which 
would specify the type and amount of environmental services to be maintained in various regions 
· of a country. This policy would then provide the framework within which an evaluation 
methodology, such as that presented in this dissertation, could be applied to competing resource 
allocation proposals.1 
Promulgating Legislation on Environmental Management 
On 9 June, 1989 the Environment Conservation Act, 1989 (No. 73 of 1989) was signed by the 
State President of the Republic of South Africa. Among other things, this Act provided for the 
Minster of Environment Affairs to determine the general policy with respect to environmental 
matters, to identify activities which may have substantial detrimental effect on the environment, 
and to declare limited development areas for the protection of certain environmental resources. 
Furthermore, there is provision for the Minister to make regulations regarding environmental 
impact reports for those activities designated as being potentially detrimental to the 
environment, and for restricting developments in limited development areas. 
While the Act itself does n'ot contain a statement of policy, or even a desideratum that would 
clarify the intent of Parliament, the Draft Bill on Environment Conservation, published in the 
Government Gazette on 30 October 1987, clearly defined the principles and objectives on which 
a policy of environmental conservation and management in South Africa should be based. The 
bill first sets out the following statement of principles: 
(a) Every inhabitant of the Republic of South Africa is entitled to live, work and 
relax in a safe, productive, healthy and aesthetically and culturally acceptable 
environment. 
( b) Every human generation has a moral responsibility to act as trustee of its 
natural environment and cultural heritage in the interests of succeeding 
generations. 
(c) Every person or institution has an obligation to consider carefully all actions 
which may have an influence on the environment and to take all practicable 
means to ensure the protection, maintenance and improvement of both the 
natural and the man-made environments. 
(d) The preservation of natural systems and processes is essential for the 
meaningful survival of all /if eon earth. 
( e) Living natural resources are renewable and can be utilised indefinitely with 
discretion, while non-living natural resources are finite and their utilisation can 
only be extended by judicious use and maximal re-use. 
(f) Coordinated and purposeful research is essential to gain and apply knowledge 
of all the facets of the environment and the. interaction between man and 
1 Because of the fundamental importance of this argument, a fuller exposition is provided in Appendix G. 
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environment, in order to reconcile provision for the reasonable needs of man 
with effective protection of the environment. 
(g) Comprehensive and sustained tuition and interpretation and dissemination of 
information is essential for the establishment of an informed population for the 
promotion of ratio.nal utilisation of the total environment. 
The Bill then goes on to set out the general environmental concerns or objectives which a 
national policy on envi~onmental conservation and management must address (these concerns 
are also identified in the Act): 
(a) the protection of ecological processes, natural systems and exceptional 
natural beauty as well as the preservation of biotic diversity in the natural 
environment; 
( b) the promotion of sustainable utilisation of species and ecosystems and the 
effective application and re-use of other natural resources; 
(c) protection of the environment against unnecessary disturbance, deterioration, 
defacement, poisoning or destruction as a result of man-made structures, 
installations, processes or products; and 
(d) the establishment, maintenance and improvement of living environments 
which contribute to a generally acceptable quality of /if e for the inhabitants of 
the Republic of South,Africa. 
As indicated in the above, the government of South Africa has recognized a solemn 
obligation to provide a high-quality environment for all its people, including generations to 
come, and to provide for the continued existence of other life forms found within its borders, 
including the systems that support these life forms. Specifically, the South African government 
has a responsibility to: 
• Develop national resources to ensure harmonious interaction between all aspects of the 
country's natural and man-made environments. 
• Act as steward and custodian of environmental resources for all of its people, both now and 
in the future. 
• Reconcile the goals of development and conservation by making resource use more 
efficient, more equitable and more sustainable. 
• Take measures to redress past mistakes and inequities, and restore environmental quality as 
far as possible. 
Ad.opting Administrative Procedures for Processing Resource Allocation Proposals 
In South Africa, the Council for the Environment has recently recommended that all 
central, provincial and local branches of government begin applying the principles and concepts 
of "Integrated Environmental Management" (see The Concept of Integrated Environmental 
Management in this chapter and Appendix H). Integrated Environmental Management provides 
a set of operational guidelines for processing development and conservation applications. The 
object is to ensure that all resource allocation proposals which are subject to the approval of 
some authority, and which could have significant impacts on the quality of the human 
environment, are ·subjected to a systematic and thorough review and evaluation process. This 
would include procedures such as "screening" and "scoping", and procedures for preparing a 
public record of decision and an environmental control plan for those proposals which have 
particularly significant environmental implications. If these procedures are widely adopted and 
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applied, Integrated Environmental Management will serve as an important component of the 
recommended resource management strategy. 
The South African system of government is currently undergoing profound changes, and 
more responsibilities are now being delegated to provincial, regional and local levels of 
government. In some areas there is a lack of staff and expertise at these lower levels of 
government to properly investigate the environmental implications of development proposals 
and ensure that environmental considerations are taken into account at each stage of the 
development process. For this reason, the Council for the Environment has suggested that 
whatever administrative structures eventually evolve, and regardless of how decision making 
responsibilities are delegated, there should be close interaction between the various levels of 
government to develop a coordinated national strategy for integrating environmental concerns 
into the planning, decision making and management process (S.A. Council for the Environment, 
1989:30-31). 
The Council has also suggested that structural and staff inadequacies in the present 
administrative framework could initially be ameliorated by establishing groups of staff with 
environmental training at the second (provincial) tier of government. This is important because 
most development and conservation proposals will be processed at the second and third tier. 
Authorities at all levels could eventually develop environmental expertise for conducting or 
overseeing environmental investigations, and for preparing or evaluating environmental 
documentation. Many authorities could then develop, test, and eventually promulgate their own 
regulations for implementing the principles and concepts of Integrated Environmental 
Management. 
FORMULATING AN ENVIRONMENTAL EVALUATION METHODOLOGY WHICH 
FEATURES A FORMAL METHOD OF EVALUATION 
.. 
Once a resource management strategy has been articulated, the next level of resource 
· allocation decision making can be addressed. This is the problem of how to evaluate competing 
resource allocation proposals. This section is concerned with developing an environmental 
evaluation methodology for applying criteria to specific resource allocation proposals. 
The Concept of Integrated Environmental Management 
In the United States and other countries, Environmental Impact Assessment has evolved 
over the years and now goes far beyond the original practice of only assessing the environmental 
implications of proposals when they are at an advanced stage of formulation. In recent years, 
greater attention has been given to other phases or aspects of environmental resource 
management, including environmental planning, decision making and implementation of 
environmental control plans (Burton et al., 1983; Hollick, 1981b, 1986; Rossini and Porter, 
1983). In addition, whereas Environmental Impact Assessment was initially directed almost 
exclusively at specific projects, it is now recognized that the process should be more widely 
applied to programmes and policies as well (Clark, 1984; Lee, 1982; Robinson, 1989). In South 
Africa, the term Integrated Environmental Management is used to describe this more general set 
of assessment and evaluation activities pertaining to environmental resource management. 
As discussed in the previous section, Integrated Environmental Management may be 
regarded as a general administrative procedure for processing development applications. But 
regarded in a different way, the principles and concepts of Integrated Environmental 
Management may be thought of as constituting a methodological framework for environmental 
evaluation; this is because Integrated Environmental Management provides a means for relating 
environmental theory to empirical research, and provides operational procedures for guiding 
scientific inquiry directed at gathering and processing value information. 
The central concern of Integrated Environmental Management is to ensure that 
environmental considerations are fully integrated into all stages of the development process: 
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proposal generation, assessment, decision and implementation (see Figure 4.1). Special 
emphasis is to be placed on environmental planning, and there is a feedback loop from the 
assessment stage to the proposal generation stage so that proposals can be modified as a result of 
information acquired during assessment.2 . • 
Informal evaluation is inherent in all stages of Integrated Environmental Management, and 
it is not always necessary to undertake a formal evaluation at any stage. If there is relatively 
little controversy surrounding a proposal, then the proposal can simply be subjected to normal 
analytical procedures by environmental planners, analysts and decision makers. In fact, for 
many major resource allocation proposals, a formal or highly-structured evaluation technique 
may not be considered necessary or practical, and the evaluation process can be accomplished 
through the political process provided that there is a well-structured administrative procedure -
based on the principles of Integrated Environmental Management - that is acceptable to all 
potentially concerned parties. 
This approach does not necessarily utilise any formal Environmental Impact Assessment 
methods or techniques, or even any systematic or rigorous evaluation procedures at any stage, 
but rather relies on informed interaction between concerned parties throughout the planning and 
assessment process to accomplish a relatively unstructured and informal evaluation of the 
relative merits of various suggestions.3 The idea is that decision making is complex and 
sequential in nature, that forecasting and evaluation should go hand in hand, that these are 
continuous and iterative tasks, and that common-sense evaluations can inform and correct the 
planning and design process (Conover et al., 1985; Haug et al., 1984a, 1984b; Hollick, 1981b; 
Norton and Walker, 1982). 
Finally, by the end of the planning and assessment process the responsible authorities 
should have a good feel for the social significance of various outcomes, and no special evaluation 
technique or formal evaluation procedure may be needed. This ubiquitous and relatively 
successful approach to evaluation relies heavily on the free exchange of information between all 
concerned parties: proposers, authorities, and affected publics. Of particular importance are (1) 
the cooperative arrangements between authorities who share jurisdiction or have relevant 
expertise, and (2) the arrangements for involving or consulting the various publics who could be 
directly affected or who may have special knowledge or information. 
A very high proportion of environmental conflicts can be resolved satisfactorily using this 
approach. Nevertheless, when there is likely to be great disagreement or controversy over which 
of two or more proposals would be in the greater public interest, it is highly desirable to conduct 
more formal evaluations during the assessment stage. In fact, it is suggested that the following 
decision rule should be adopted: if a resource allocation proposal is not controversial, or conflict 
can be resolved through negotiation, mitigation and compromise, then only informal evaluations 
need be conducted; however, if a proposal is controversial and there is no reasonable prospect of 
resolving the conflict, then a formal evaluation should be conducted.4 
Formal evaluations (as defined in this dissertation) are directed at optimizing, and this type 
of evaluation involves the systematic gathering and "weighing up" (using quantitative methods) 
of value information so that the valuation process is made explicit. Cost-benefit Analysis (see 
Chapter 3) is one widely-accepted method for conducting formal evaluations. While several 
sophisticated approaches have been developed for obtaining more complete and accurate 
information as to the value of anticipated outcomes (see Shadow-pricing Techniques in Chapter 
3), the use of these techniques will increase the already high cost of conducting a Cost-benefit 
Analysis. It may therefore not be thought practical to adopt these approaches in developing 
2 Appendix H presents a discussion of the relationship between planning, assessment and decision making, as 
well as more details of the principles and concepts of Integrated Environmental Management. 
3 The emphasis in Integrated Environmental Management, as currently practiced in South Africa, is on the use of 
informal evaluation procedures, and the document, Integrated Environmental Management in South Africa, 
does not provide specific guidance for conducting formal evaluations. 
4 For a discussion of the rationale underpinning this decision rule, see Appendix I. 
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countries which have limited budgets and expertise for environmental evaluation. Nevertheless, 
even if a full Cost-benefit Analysis cann9t be ,accomplished, low-cost variations of these 
techniques may still be used to. estimate the approximate value or relative significance of 
important unpriced costs and benefits, and so improve the evaluation process in difficult or 
controversial cases. 
In any case, it is necessary to develop, as a central feature of the environmental evaluation 
methodology, a formal method of evaluation which can be applied to especially controversial 
resource allocation proposals. The next section discusses the development of a set of procedures 
for conducting formal evaluations. 
Developing Formal Evaluation Procedures 
The general principles and concepts of Integrated Environmental Management provide a 
sound foundation for an environmental evaluation methodology. In addition, shadow-pricing 
techniques and other approaches to indirect pricing can be used to reduce value uncertainties or 
simplify evaluation within a conventional cost-benefit framework. Yet there are occasions, such 
as when proposals are especially controversial, when a formal evaluation is considered 
necessary, but there are many impacts which are impossible to value in monetary terms. It may 
also be too difficult to conceptualize the trade-offs involved against a single contingency price or 
threshold value. Then other procedures are needed to adequately direct scientific inquiry and 
satisfy all the requirements for relating theory to empirical research. 
There is thus a need to develop, for proposals that are especially controversial, a set of 
procedures for unambiguously identifying which of two or more mutually-exclusive alternatives 
would best satisfy specified evaluation criteria. This set of procedures should be applicable to 
any resource allocation proposal, and should make provision for the application of shadow-
pricing techniques, but not rely on them (because they are of ten thought too expensive or 
unreliable). 
The development of formal evaluation procedures involves several challenges. Foremost 
among these cha'Ilenges is to ensure that the evaluation process is clear and open, easy to 
understand, practical to implement, and acceptable to most people. Among other things, this 
means that the approach to evaluation must be comprehensive, systematic and explicit. Of 
particular concern is the problem of developing an acceptable procedure for obtaining, in a 
reliable and cost-effective way, measurements of the relative significance of a long list of 
completely nonmonetizable impacts. 
The principal concern in developing a set of formal procedures for evaluating controversial 
resource allocation proposals was to discover a reasonable way to evaluate the relative efficiency 
of competing proposals. But it was also necessary to provide a means for systematically applying 
and trading-off other evaluation criteria, and to ensure that these judgments are formally 
expressed and recorded. 
Issues Arising from the Adoption of a Cost-benefit Framework 
The conceptual framework that was adopted for evaluating controversial resource 
allocation proposals is based on Cost-benefit Analysis. While Cost-benefit Analysis has been 
widely used throughout the world, and is generally regarded as being both theoretically sound 
and practical to implement, there are several problems that have not been satisfactorily resolved. 
As Kneese (1984:5) points out, the new applications of Cost-benefit Analysis bristle with ethical, 
value and quantification issues. Among the issues that concern theorists and practitioners of 
Cost-benefit Analysis are the following. 
• How should one treat the distribution of costs and benefits among individuals or regions; is 
it sufficient to consider only the sums over all affected parties? 
• How does one treat ethical issues, such as when one group exposes another to hazard? 
/-
• 
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How can the rights and preferences of future generations be represented in the decision 
making process? 
• How does one treat risk and uncertainty, or preferences when individuals obviously have 
insufficient information on the probability and meaning of alternative outcomes? 
• How does one determine the proper weighting of costs and benefits occurring at different 
times? 
• How can one estimate the value of costs and benefits which cannot be quantified using 
purely objective measuring techniques, or are not normally valued in monetary units? 
These issues were all considered in the development of the set of procedures for conducting 
a formal evaluation which is presented in this chapter. In general, the issues concern the 
implications of resource allocation activity for 
• different groups comprising society (the equity criterion) 
• future generations (the sustainability criterion) 
• society as a whole (the efficiency criterion). 
The general approach that was adopted toward each of these issues is briefly summarized 
(in the same order presented above) as follows. 
• The distributional consequences of an action are to be explicitly weighed against other 
criteria (namely efficiency and sustainability). 
• Ethical questions can be treated as costs to particular groups and to society as a whole, and 
so are to be treated as both an equity issue and an efficiency issue. 
• The consequences ~f an actiJi1 forf ~ture generations are to be explicitly ~eighed against .. 
other criteria (namely efficiency and equity). 
• The probability of obtaining benefits or incurring costs can influence the weight that is given 
to benefits and costs, and preference weightings can be based on what is assumed would be 
wanted if information possessed by the evaluator(s) was in the possession of all individuals. 
• Conventional discounting procedures can be employed to adjust the value that present 
groups attach to costs and benefits that will be received by them in the future. 
• A scaling procedure can be used to determine the relative significance of costs and benefits 
which are unpriced and which cannot be meaningfully quantified in some more objective 
manner. 
The two major questions that remained to be answered were: 
• Who should do the evaluating? 
• What specific scaling and trade-off procedures should be employed? 
Selection of a Group Evaluation Procedure 
The approach that was adopted for evaluating controversial resource allocation proposals is 
based on a group evaluation procedure. The individuals who comprise the group are to be 
respected members of society who are regarded as being essentially unbiased toward the 
proposals being evaluated. The rationale is that if evaluations of resource allocation proposals 
which are highly controversial are undertaken by persons who are not respected, or who are 
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perceived to have a vested interest in the outcome, their judgments are not likely to be accepted 
by some or all of the concerned parties. 
There are other reasons for selecting a group evaluation procedure rather than relying on 
the value judgments of the decision maker or some "expert". The system of values held by the 
expert or decision maker may not accord with the values held by the affected parties, and many 
people may simply not trust the decision maker - or even a person who is considered to be an 
expert in some particular discipline, no matter how relevant his expertise may be to the decision -
to conduct a thorough evaluation. 
Furthermore, because controversial resource allocation proposals are generally 
characterized by great complexity and heated emotions, decision makers might well welcome an 
unbiased evaluation conducted by a group of persons who collectively represent a number of 
disciplines and constitute a great pool of experience and knowledge. In addition, there is 
evidence that it is possible to obtain better and more acceptable judgments from groups than 
from any given individual (Dalkey et al., 1972:6; Hill, 1982; Miller, 1985; Rohrbaugh, 1979).5 
Granting the desirability of involving a group of respected persons in the evaluation of 
particularly contentious or difficult resource allocation proposals, there is still a need to devise a 
set of procedures for facilitating intergroup communication so that special information, 
experience and insight can be shared. Two different approaches to group evaluation were 
considered especially promising and were therefore selected for testing: the Delphi method and 
the Nominal group technique (se<? Delphi and Nominal Group Technique in Chapter 3).6 
There is evidence to indicate that group judgments made using Delphi procedures are 
generally more reliable than individual judgments or group judgments obtained in other ways. 
Dalkey et al. (1972:4-6,20), in experiments involving estimates of data which would not be 
common knowledge, found that in general the error of the average of a group of estimates is 
much smaller than the average error. Perhaps even more interesting, it was observed that group 
judgments following face-to-face discussion results in less accurate group response than a simple 
median of individual estimates without discussion. The best results of all were obtained using a 
Delphi technique. 
Conventional Delphi techniques rely on questionnaires returned by post, and this is done 
primarily to maintain complete anonymity (Linstone and Turoff, 1975:5; Pill, 1971:57; Richey et 
al., 1985a:137). Although Delphi is normally associated with forecasting (Pill, 1971:59) it has 
also been used to obtain group evaluations of data sets (Dalkey et al.,1972:55). The application 
of Delphi procedures presented in this dissertation cliff ers from conventional Delphi techniques 
principally in providing the capability to complete an evaluation in a short time by allowing 
members of the panel to be physically present in the same room; this helps maintain panel 
interest and makes it possible to complete a Delphi evaluation in 3 or 4 hours. 
Although the identity of fell ow panelists is revealed in a meeting situation, anonymity of 
response and other controls on group interaction are achieved through procedural mechanisms. 
This is important since overt group interaction can have an inhibiting and obfuscating effect on 
individual thinking, leading to process losses which distort group judgments and prevent the 
group from realizing the full benefit from cognitive feedback and stimulation (Hill, 1982:535; 
Rohrbaugh, 1979:75). The adaptation of the Delphi method presented in this dissertation bears 
some resemblance to the Nominal Group Technique (see Delphi and Nominal Group Technique 
in Chapter 3), in which group interaction is strictly controlled by a group facilitator, but differs 
from that technique in that participants are not allowed to communicate opinions or judgments 
except by an anonymous process. (Panelists are, however, allowed to verbally communicate 
questions or query statements of fact in the interests of saving time.) One of the reasons for this 
adaptation (in addition to speeding the group judgment process) is that there appears to be a 
5 Appendix J presents the argument for adopting a group evaluation procedure in more detail. 
6 In the first case study, only. the Delphi method was employed; in the second case study, the Nominal group 
technique was used to identify impacts for evaluation, and the Delphi method was used to actually accomplish the 
evaluation. 
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valuable stimulative effect when persons work in the presence of their peers or people whom 
they respect. 
In addition to being more reliable than other group methods, the essentially democratic 
nature of the Delphi method is satisfying both to the participants and to the users of the 
information. Also satisfying is the fact that the method is based on rational analytical principles, 
, and the approach that is taken to forecasting and evaluation is comprehensive, systematic, 
explicit and unemotional. The environmental evaluation process is put on a more solid 
foundation when it can be seen that arguments do not depend on emotional rhetoric, and that 
conclusions are not based on arbitrary assumptions, hidden or ill-defined goals, or questionable 
logic. 
The Problem of Measuring the Significance of Impacts 
The issue that received greatest attention in the development of formal evaluation 
procedures was the quantification issue: the problem of estimating the value of costs and 
benefits which cannot be expressed in monetary units. The reasoning was that if an acceptable 
technique for scaling the value of unpriced impacts could be found, this would greatly facilitate 
the evaluation process. First, if all costs and benefits could be measured on an interval scale, 
then it would be much easier to judge whether a proposal with many unpriced impacts is efficient 
or not. In addition, a full determination of the relative significance of unpriced costs and 
benefits would help in evaluating the distributional consequences of proposals, and in making 
more meaningful comparisons of the net effect for present and future generations. 
The classic "conservation vs. development" conflict generally revolves around the question 
"Do the adverse environmental impacts (or nonmonetary costs) of a development outweigh its 
net monetary value?" While many development actions do have significant nonmonetizable 
benefits, most of the benefits can usually be monetized, whereas many of the opportunity costs of 
the development (such as loss of ecological and amenity benefits associated with a competing 
conservation proposal) are not so easily monetized. In fact, many such impacts cannot be 
satisfactorily measured using any objective method (e.g., reduction in breeding success for some 
rare or endangered species, or reduction in scenic resources); others are measured using 
different scales and their values are expressed in different units (e.g., millilitres per litre, cubic 
meters per second, or calories per gram). 
While shadow-pricing techniques may reduce the area of uncertainty, very often there are 
still several adverse but completely nonmonetizable effects to weigh against the net monetary 
value of a project. Then the decision maker is presented with the very difficult problem of how 
to weigh one known value against that of several incommensurable values, and judge whether the 
value of ~he former outweighs the combined value of the latter. 
In the course of this research, it was decided to extend the capabilities of Cost-benefit 
Analysis and the logic of threshold valuation (see Chapter 3) to deal with the situation in which a 
large number of nonmonetizable effects are listed for some controversial resource allocation 
proposal. According to Dohan (1977:164 ), if there is a long list of effects which are completely 
nonmonetizable, then all one can do in a Cost-benefit Analysis is list them boldly against the 
excess monetary value of the development. In other words, the analyst- can only provide the 
decision maker (and interested parties) with a qualitative description of these nonmonetizable 
impacts so that these concerns can then be collectively weighed (through some individual and ill-
defined subjective process) against the monetary value of the proposal. 
But this is not very satisfactory because the task involves algorithms that are beyond the 
ability of most people to apply: the individual is left to weigh the combined value of a large 
number of complex outcomes expressed in incommensurable units with a given (and generally 
large) sum of money. The result is likely to be a rather arbitrary evaluation: the decision maker 
will tend to focus on one or two impacts that seem to him to be of some consequence, or of 
concern to some special interest group that might represent an important part of his 
constituency, and the evaluation will then not be systematic, comprehensive, or explicit. 
71 
tl I 
Obviously, if there were only one nonmonetary impact to be compared to the net monetary 
value of the development project, the analysis would be relatively simple. In this case, the net 
monetary value would represent a contin'gency price for a single impact, so there would be a 
straightforward one-for-one comparison. The question would then simply be whether the 
calculated sum of money (to society) is worth (being contingent upon) accepting the one impact. 
Unfortunately, such simple one-for-one comparison are not the rule, and it is extremely difficult 
to juggle several unpriced impacts in one's mind at the same time, taking proper cognizance of 
each, and comparing their total value to the value of a sing-le sum of money (and the larger the 
sum the more difficult it is to conceptualize its value). 
Dohan (1977) illustrates the current approach that practitioners are taking to applying Cost-
benefit Analysis with an example concerning a proposed development that would eliminate or 
reduce valued public service functions flowing from a salt marsh (see Cost-benefit Analysis in 
Chapter 3). In Dohan's example, the present discounted value of the development proved to be 
negative when shadow prices were obtained for some of the development's unpriced costs. But 
very of ten shadow prices cannot be obtained, or the present discounted value remains positive 
and must be weighed against a long list of nonmonetizable impacts. 
To illustrate, assume that in Dohan's example the present discounted value of the 
development (which might be, for example, a marina project) is calculated to be R9,550,000, and 
a shadow-price analysis of the externalities that would result from the development indicates 
that society would incur external economies of R50,000 (from the reduction of noxious insects) 
and external diseconomies of R600,000 (from reductions to fishery production, loss of 
recreational opportunities, and impaired functioning of natural flood dampening mechanisms). 
The net monetary value of the project is therefore estimated to be R9m .. 
However, assume that ecological studies and social surveys indicate that other significant 
costs would result from the project, such as 
• the loss of critical habitat for water birds 
• increased threats to an endangered species 
• reduced groundwater storage capacity 
• diminished pollution assimilation capacity 
• lost options and reductions in unknown services 
• loss of open space 
• diminished aesthetic, scientific, and educational benefits associated with the marsh. 
If these costs are considered completely nonmonetizable (or too expensive to estimate with 
shadow-pricing techniques), then the decision maker must find some way to determine whether 
the loss of these nonmonetary benefits outweighs the net monetary gain from the project. 
In effect, the calculated monetary value of the project - R9m - represents a threshold value 
or contingency price for the several unpriced wetland benefits, and the problem is to decide 
whether these benefits are worth more or less than this amount. If they are worth less, then the 
development proposal constitutes a more efficient allocation of resources than does the 
conservation proposal; if they are worth more, then conservation would be more efficient than 
the development. But it is extremely difficult to conceptualise the value of all these unpriced 
costs and weigh them against a single monetary figure (the value of which is also difficult to 
conceptualise). 
A Proposal for Resolving the Measurement Problem 
To facilitate the evaluation process in such situations, a variation of the threshold valuation 
procedure has been developed during the course of this research. This procedure - called 
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"fractional contingency price valuation" - involves scaling or weighting the values of all 
impacts, so that the relative value of these impacts can be determined. Then it is possible to 
calculate a "fractional" contingency price for any one of those impacts, based on what would be 
its "share" of the total contingency price (i.e., the net monetary value of the project which has 
the excess monetary value). This fractional contingency price can then be evaluated for 
reasonableness, and the decision making problem becomes identical to the one which involves 
only one impact against one sum of money: 
Does the value of the nonmonetary impact (which has been selected for 
evaluation) outweigh the value of the monetary gain (which has been calculated 
for this impact)? 
The fractional contingency price valuation procedure thus simplifies a complex evaluation 
problem without unduly distorting it, and presents the decision maker with a clear, straight-
forward choice between a given sum of money and a single adverse impact. In effect, the 
decision maker then has only to decide whether the sum of money (which is relatively small and 
more comprehensible, being a fraction of the original contingency price) would be adequate 
compensation to society for bearing the impact in question. If the answer is yes, then the project 
is efficient; if the answer is no, then the project is inefficient. 
There are two variations of the fractional contingency price valuation procedure to suit 
different situations but both are concerned with reducing the complex problem of comparing the 
value of a large monetary gain against a large number of nonmonetary impacts to a more 
manageable problem of comparing a smaller sum of money against a single nonmonetary impact, 
and to do this in a way that is logical, inexpensive, and acceptable to all parties. 
The simplest case involves a situation in which only one of two alternatives has 
nonmonetary impacts for which shadow prices cannot readily be determined (see Box 4.1). 
Expanding on the previous example, assume that the most promising alternative to the ma~ina 
development which would eradieate the salt marsh is to proclaim the wetland as a nature reserve 
and recreation area. If the calculated present discounted value of the marina development is 
R9m, and the present discounted value of conservation is -Rlm (the figure being negative 
because outlays are anticipated to exceed revenues), then the excess monetary value of 
development over the nature reserve is RlOm. Assume also that there are 10 adverse impacts 
that would result from the marina development, and that it is possible to judge, by applying an 
acceptable "fractionation technique" (which will be discussed later), the relative significance 
of all the adverse impacts. 
Now if one impact (such as lost recreational opportunities) is judged to constitute 20% of 
the value of all the impacts, then a contingency price of R2m can be calculated for lost 
recreational opportunities, and the question can be asked: "Is R2m adequate compensation for 
bearing the loss of recreational opportunities associated with this wetland?" If the answer is yes, 
then the development option is to be preferred on efficiency grounds; if the answer is no, then 
conservation is to be preferred. The decision maker can now use one shadow price (instead of 
several) to make the efficiency determination; or, if no shadow prices have been obtained, he can 
simply calculate a contingency price for any one impact and make the efficiency determination 
based on the available evidence and his best judgment. In any case, if it can be assumed that the 
proportional weighting of this impact has been correctly estimated, the decision making problem 
has been simplified without distorting the nature of the total trade-off. 
A more complex case exists when both proposals have significant nonmonetary costs. Very 
often, however, one of the proposals will be directed at modifying the environment to create 
monetizable benefits, while the other will be directed at conserving the environment to save 
nonmonetizable benefits. In this case, the proposal which has the excess monetary value will 
usually have more unpriced costs than the alternative proposal, simply because the former is 
usually concerned with monetary gain and the latter is usually concerned with saving unpriced 
environmental resources. In addition, the unpriced costs associated with the latter will often be 
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relatively inconsequential, so that they are not likely to alter the conclusion that would be made 
from the comparison between a single impact and its contingency price. For example, the 
proclamation of a national park might involve the displacement of a few families and restrictions 
on the exploitation of certain resources, but these costs may be considered minor in comparison 
with unpriced environmental costs associated with alternative development proposals, especially 
if there has been provision for a reasonable level of compensation and mitigation (see Case 
Study 1 in this chapter). If, however, two or more alternatives have significant nonmonetizable 
costs, it is possible to apply a more complex form of the fractional contingency price valuation 
procedure. (This variation of the procedure is explained and applied in Case Study 3, which is 
presented in Chapter 5: see Task 9, Analyze the Results and Prepare an Environmental 
Evaluation Report.) 
BOX 4.1 
Example of Fractional Contingency Price Valuation 
Given that: . 
The present discounted value of a marina is RlOm, but the marina will cause 10 unpriced adverse 
impacts and no unpriced beneficial impacts. 
The question is: 
Would the social cost of these 10 impacts be worth more or less than RlOm? 
10 
~ 
10 
~ 
It is difficult to weigh the combined value of 10 impacts against one large sum of money. So the 
decisionmaker may have a respected panel determine the relative significance of each impact. 
Then it is possible to calculate a contingency price for any one impact. 
For example: 
Assume that the social cost of one impact - Impact X · is judged to be 20% of the total social 
value of all 10 Impacts. Then a contingency price of R2m (RlOm x 20%) can be calculated for 
Impact X. 
Now if the monetary value of Impact Xis thought to be greater than R2m, the combined value of 
the remaining 9 impacts must be greater than R8m. Therefore the total social cost of the marina 
would be greater than RlOm. In this case, the costs of the marina wold outweigh the benefits. By 
the same token, if the value of Impact Xis thought to be less than R2m, then the benefits of the 
marina would outweigh the costs. 
This extension of Cost-benefit Analysis and threshold valuation obviously depends on the 
existence of an acceptable technique for determining the relative value of unlike goods for which 
prices do not exist because these goods cannot be owned and traded in the market. In order to 
.apply the fractional contingency price valuation procedure, it is necessary to obtain a reliable 
measure of the significance of impacts on an interval scale. · The question is: after the net 
monetary value of a project has been calculated by Cost-benefit Analysis, and after the 
nonmonetizable impacts have been analyzed in an Environmental Impact Assessment, how can 
one determine what fraction of the total contingency price should be assigned to each adverse 
impact? The fractional contingency price valuation proced·ure is dependent on the availability 
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and acceptability of a technique for obtaining acceptable measurements of significance on an 
interval scale when undertaking evaluations of subjective data. 
A Technique for Scaling Impacts 
The central measurement problem addressed in this dissertation is how to relate all the 
benefits and costs of a proposal, both monetizable and nonmonetizable in nature, in order to 
determine whether (and by how much) the benefits of a proposal exceed its costs, so that 
competing proposals can be ranked according to the efficiency criterion. In order to estimate the 
true net benefit of a proposal, it is necessary to measure costs and benefits using an interval or 
ratio scale. There are two general approaches to obtaining interval or ratio measurements (see 
Methods of Scaling Data in Chapter 3): 
• using a variability method (such as the paired-comparison method) in conjunction with a 
scaling model (such as Thurstone's Case V Scaling Model) to obtain a higher-ordered 
metric scale; or 
• using a quantitative-judgment method (such as the fractionation method) to directly obtain 
interval or ratio measurements (Green and Tull, 1978). 
The first approach involves relatively simple judgments (whether one item is more or less 
important than another), but requires many paired-comparisons to obtain a higher-ordered 
metric which adequately conveys the respective utilities of items so that these can be summed 
and compared. On the other hand, the second approach provides a direct interval or ratio 
measurement, and therefore does not require a great number of judgments;, thus the 
measurement task can be accomplished much more quickly than with the first approach. In 
addition, people seem to intuitively grasp the concept of ratio measurement, and appear to often 
apply ratio concepts to subjective data (Stevens, 1957; 1975). , 
It was therefore decided to em_,pJ.oY: a quantitative-judgment method for estimating the 
relative significance of unpriced impacts. The problem of subjective scale units can be easily 
resolved by normalizing scores. There are other difficulties with obtaining group measurements 
of data on a ratio scale (such as the problem of subjective origins - i.e., the lack of a common 
benchmark or zero point for scaling items), but since ratio-scoring is readily understood, 
generally accepted, and can be accomplished relatively quickly, it was decided to adopt this 
general approach for initial trials in the development of formal evaluation procedures. 
An important consideration in the development of a technique for scaling impacts is to 
reduce the cognitive load on the persons who are to do the evaluating. The idea is to progress 
gradually with the task of measuring the significance of items so that respondents will become 
more familiar with the data and comfortable with the task by applying relatively simple 
procedures first. This is particularly important if the list of items to be scaled is very long. In 
such a case rank-ordering would greatly facilitate ratio-scoring, and a simple rating procedure 
could be used to facilitate the rank-ordering. Therefore, the technique that was adopted 
involves three different methods of scaling data: two variability methods (rating and then 
ranking), and a quantitative-judgment method (fractionation). 
• The first step of the technique is to rate the impacts on a 7-point scale to get some feel for 
the relative importance (or social significance) of the impacts. Seven levels of 
discrimination provides for a reasonable degree of differentiation (to aid in the ranking 
procedure to follow) without exceeding what is probably the average individual's ability to 
discriminate between degrees of importance (Guilford, 1954:290). 
• The second step is to use the rating scores to rank-order the impacts. This step should be 
easy to accomplish since the ratings can be used to assist in the rank-ordering: only those 
items that have been given the same rating will have to receive special attention. 
( 
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• The third step is to estimate the ratio of importance between each pair of impacts. Since the 
impacts have already been rank-ordered, all that is needed is to judge the ratio of 
importance between pairs of· impacts· using some acceptable fractionation procedure. 
Finally, because it is presumably easier to judge ratios which are relatively small (rather 
than, for example, those which are of an order of magnitude or more), the fractionation 
procedure adopted involves comparisons between adjacent impacts on the rank-ordered list 
rather than comparisons between the most (or least) important impact with every other. 
Delphi procedures are an integral part of the technique. The technique involves three 
iterations of rating, fallowed by one iteration each of ranking and ratio-scoring. Panelists are 
presented with lists of impacts for each proposal under consideration, and a separate evaluation 
is conducted for each list. First each panelist is asked to rate the importance of the impacts (for 
each list in turn) on a scale of "1" to "7": "1" signifying "of no importance" and "7'' signifying "of 
extreme importance". Group ratings are calculated, and the results are fed back to the panel so 
that panelists can reconsider their ratings in light of the group judgment, and the process is 
repeated (normally twice more). Each panelist is then asked to undertake a final rating and use 
this rating to rank the impacts in order of importance to facilitate the ratio-scoring or weighting 
procedure that follows. 
Once each panelist has the impacts on a list ranked in order of importance, the next step is 
to determine just how much more important one impact is when compared to another. This can 
be done through a scaling procedure which involves systematically evaluating the importance (or 
"weight") of each impact compared to the impacts he has ranked below it. A fractionation 
procedure termed "fractional paired comparison" was chosen to determine the relative value of 
impacts. Following is a brief description of the procedure, illustrated by an example (see Box 
4.2). 
The highest ranked item is assigned the value "l". The second ranked item is then compared 
to the highest ranked item, and a number between "O" and "1" is chosen which indicates t~e value 
of the second ranked item relative to that of the first (see second entry in column two of Box 4.2 - -·. 
"Weighting"). Then the third ranked item is compared to the second ranked item in the same 
way: a number between "O" and "1" is assigned which indicates the proportion of the total value 
that has been ascribed to the higher ranked item that is associated' with the lower ranked item. 
This process is continued until each pair of items on the list have been scaled in the manner 
described. 
Then the relative value of each item to every other item can be calculated. Since the relative 
value of the first and second ranked items is known, and the relative value of the second and 
third ranked items is known, it is possible to calculate the relative value of the first and third 
ranked items. This is done by multiplying the value assigned to the third ran~ed item by the 
product of the values assigned to the first and second ranked items (see column "Adjusted 
Weightings" in Box 4.2). This result can then, in turn, be multiplied by the value assigned to the 
fourth ranked item to calculate its value relative to the three items ranked above it. This 
procedure is repeated until the weightings of all items have been adjusted. The final step is to 
normalize the adjusted weighting scores so that each can be expressed as a percentage of their 
total value (see column "Normalized Score" in Box 4.2). This is done by simply dividing the 
adjusted weighting for each item by the sum of all adjusted weightings. Now the relative value of 
all items has been determined. 
From these individual evaluations, a group judgment as to the relative significance of the 
impacts can then be derived. The problem of individual scale units is avoided with this 
procedure because all panelists must use a specified ratio scale ("O" to "1") for each comparison, 
and the weightings are subsequently adjusted to obtain a normalized score on a percentile scale 
which is then additive. The problem of subjective origins is, however, still a difficulty with this 
procedure, since all panelists must assign the number "1" to the top-ranked impact, and the 
perceived importance of this impact may vary considerably between panelists. Nevertheless, it 
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was decided that when dealing with issues involving value judgments, a group judgment was still 
preferable to the judgment of any one individual, even if there was some distortion in the 
aggregation process.7 
Rank 
Order 
E 
B 
c 
F 
D 
A 
Total 
Explanation 
BOX 4.2 
Example of Fractional Paired Comparison 
Original 
Weighting 
1,0 
0,5 
0,8 
0,2 
0,5 
0,9 
Adjusted 
Weighting 
1,00 
0,50 
0,40 
0,08 
0,04 
0,04 
2,06 
Normalized 
Score 
49 
24 
19 
4 
2 
2 
100 
The top-ranked impact (E) is given a weight of 1,0. 
The second-ranked impact (B) is given a weight which reflects its relative importance to 
the one above it (E): 0,5. 
The third-ranked impact (C) is given a weightwhich reflects its relative importance to the 
one above it (B): 0,8. 
The process is continued until the importance of each impact relative to the one ranked 
above it is calculated. 
Weightings are then adjusted by multiplying the importance weight of each impact by the 
adjusted weight of the one ranked above it. 
Adjusted weightings are then normalized by dividing each one by the sum of the adjusted 
weightings. 
Normalized scores of each impact can then be added, and the sum divided by the number 
of panelists to obtain the average weighting for each impact on a percentage scale. 
THE APPROACH TO TESTING PROPOSED EVALUATION PROCEDURES 
The general approach that was adopted for testing the proposed evaluation procedures can 
be briefly summarized as follows. A project coordinator was to arrange for the establishment of 
an evaluation panel comprised of respected and unbiased individuals. The project coordinator 
would then obtain information on impacts associated with the alternative proposals (using 
conventional Environmental Impact Assessment techniques and, where possible, shadow-pricing 
techniques) and provide the panel with this information. Following this, a formal evaluation 
meeting would be held during which panelists were to employ the selected fractionation 
technique to obtain a group judgment as to the relative significance of all the impacts that had 
been identified. The impact values assigned by the panel would then be compared to monetary 
values, and special analytical procedures would be employed to judge which proposal was more 
efficient, and to make trade-offs with other criteria. 
7 · At this stage in the development of the formal evaluation method, the potential for distortion when using this 
technique was not fully appreciated. A later section (see Impact Evaluation in Chapter 5) presents what is 
considered a far more reliable scaling technique when it is desired to aggregate individual judgments as to the 
importance of impacts. 
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This preliminary approach to evaluating controversial resource allocation proposals , 
involved the accomplishment of the following steps. 
Step 1: identifying promising proposals (including the "null alternative" - i.e., doing nothing); 
Step 2: listing the costs and benefits (both priced and unpriced) for each proposal that is to be 
subjected to a formal evaluation; 
Step 3: finding "shadow prices" where possible for unpriced costs and benefits; 
Step 4: discounting the value of costs and benefits incurred in the future back to present value 
equivalents (using an appropriate rate of discount) and calculating the present discounted 
value of each proposal; 
Step 5: describing the nature of those costs and benefits for which no shadow prices have been 
obtained; 
Step 6: judging the relative significance of the unpriced costs and benefits on an interval scale; 
Step 7: calculating fractional contingency prices for the unpriced costs and benefits; 
Step 8: determining which proposal is most efficient (i.e., will yield the greatest net benefit); 
and 
Step 9: judging whether the efficiency gain is worth any adverse distributional consequences or 
risks to future generations. 
It was decided to apply these evaluation procedures to two case studies to collect empirical 
data to discover whether there were any theoretical or practical difficulties with their 
application. Of special concern was the efficacy and acceptability of the selecte~ scaling. 
technique, and the possible effects of group interaction on individual judgments when applying 
the Delphi method in a meeting situation. 
Since the principal research interest was the problem of judging the relative significance 'of 
impacts on an interval scale (Step 6), the multidisciplinary panel was used to accomplish only this 
step in the first case study.8 
CASE STUDY 1 
Background 
The first case study concerned a sparsely populated and undeveloped area on the 
Namaqualand coast in the Northwestern Cape. This study was commissioned by the Department 
of Environment Affairs in 1981, and was conducted under the direction of the Estuarine and 
Coastal Research Unit of the National Research Institute of Oceanology. The Estuarine and 
Coastal Research Unit had recently completed a survey of a coastal river /lagoon called 
Groenrivier. The Groenrivier system is located in a relatively unpopulated and inaccessible area 
that has considerable potential for two apparently incompatible uses: diamond mining and a 
national park. At the time of the study (1981-82), the area surrounding the Groenrivier estuary 
was being utilized for marginal stock farming operations and for primitive camping during 
holiday periods by the regional population. 
The objective of the study was to generate and evaluate a list of resource allocation 
proposals that would indicate the best approach to future development of the area. The study 
was therefore essentially a planning problem, but it was known from the outset that there was 
8 The remaining steps were accomplished by a small team of researchers. 
78 
great potential for conflict and controversy in the management and disposition of the area's 
resources because of disputes between conservation and diamond mining interests. 
The Estuarine and Coastal Research Unit initially defined the study area to include only the 
estuary, from the mouth to the wetlands above the lagoon, and it was indicated that the purpose 
of the study was to determine the value of this system and its components in order to decide 
whether it should be protected from the impacts of general recreation and anticipated surf and 
beach mining operations. Subsequent discussions revealed that the National Parks Board was 
formulating a proposal to proclaim a large area around the estuary as a national park, and that 
De Beers Mining, the principal land-owner in the area, had plans to prospect and possibly mine 
the surf and beach regions for diamonds. The project coordinator then requested that the 
boundaries of analysis be expanded to encompass the surf zone and the area being considered for 
inclusion in the park, and that the purpose of the study be altered. This was agreed to, and the 
new purpose of the study was formally stated as follows: 
• identify and describe potential land-use options in the demarcated area; 
• decide which of these options were compatible; 
• define suitable resource allocation proposals based on the identified options; 
• select the most promising resource allocation proposals as final candidate plans to be fully 
evaluated; and 
• evaluate the fin al candidate plans for the study area to determine which would be in the 
overall best irtterests of society. 
The Study 
General Approach 
The approach to the study was to gather as much relevant data as possible given the time 
and money available, and analyze these data to develop resource allocation proposals which 
would then be subjected to a formal evaluation. Much information pertaining to the biophysical 
and socioeconomic chara'cteristics of the region were available from the recent study by the 
Estuarine and Coastal Research Unit (Heydorn, 1981) . Because of budget constraints, data 
collection efforts were limited to the gathering of readily available secondary data and 
employing two techniques for gathering primary data at a relatively low cost: interviews with 
knowledgeable persons, and personal observations during field investigations. The data were 
then organized in a cost-benefit framework, and shadow-pricing techniques were employed in an 
attempt to estimate the value of certain nonmarketable goods, such as the recreational benefits 
provided by the natural environment. 
The potential land-use options and major resource allocation proposals were chosen by the 
project coordinator in consultation with a number of people, including local residents, local 
authorities, managers from De Beers Namaqualand Division, and officials from the Department 
of Environment Affairs, the Estuarine and Coastal Research Unit, and the Cape Provincial 
Department of Nature and Environmental Conservation. Land use options were identified 
through an "Environmental Aspect Analysis", which is concerned with formally assessing the 
potential utility of an area's resources and identifying suitable land uses. The analysis involved 
identifying the principal uses to which the area's resources could be put (nine were selected), and 
then asking a number of environmental specialists and resource managers who were considered 
familiar with coastal zone resources in South Africa to rate all aspects of the system which were 
relevant to each use (see Appendix AA). This rating involved comparisons of the condition of 
the chosen aspects in the Groenrivier area with the condition of these same aspects elsewhere in 
the country. The following extract from Stauth (1982b:16-19) summarizes the results of this 
analysis. 
79 
Fisheries: The potential contribution of this system to estuarine and marine 
fisheries is virtually nonexistent. Since there is rarely contact with the sea, plant 
nutrients are not transported to coastal waters and the estuary cannot serve as a 
nursery area forlarval and juvenile stages of marine organisms. Conditions are 
also not suitable for aquaculture due to variable salinity, lack of freshwater, and 
other considerations. 
Harbours: There are no sites physically suitable for harbours and anchorages, 
and in any case this area has very poor access to towns, industries, and transport 
networks. 
Transport: The terrain in the estuarine zone is quite suitable for the construction 
of roads, railway lines, pipelines, and powerlines. However, there is virtually no 
demand for these developments. The frequent fog conditions make the zone 
unfavourable for the establishment of an airport. 
Mining: Potential for mining shell, sand and gravel, and potential for salt 
production operations, is above average. The potential for mining valuable 
minerals (specifically diamonds) appears to be high. 
Forestry and Agriculture: The suitability of the estuarine zone and catchment for 
forestry operations is nil. The agricultural potential of the estuarine zone and 
catchment is below average to low. There is no reclamation potential in the 
estuarine zone, and negligible potential for irrigation projects in the estuarine 
zone and catchment. 
Industry. Housing and Commerce: Socioeconomic demand for new industries, 
homes and businesses is virtually nonexistent. There are suitable sites for such 
development; however, the availability of freshwater for industrial and 
household consumption is totally inadequate. The potential of the estuarine and 
coastal zone to process and assimilate waste products is judged to be very low. 
Water Storage: There are no suitable sites in the estuarine zone for barrage and 
other water storage schemes, and there are no sites in the catchment for dam 
construction. In addition, there is little demand for additional water storage 
capacity in the area to accommodate present uses (small stock and wheat 
farming). 
Recreation and Tourism: The suitability of the estuarine zone for recreational 
activities is judged to be above average to high. However there is little prospect 
of attracting a significant number of tourists to the area, at least for the 
foreseeable future. (As other areas become more congested, it seems probable 
that this area would appeal to more people.) The capacity to accommodate more 
recreationists and tourists (without incurring significant congestion effects) is 
rated above average to high. 
Conservation and Scientific Research: The area's potential significance for 
species and ecosystem conservation is rated as above average to high. While 
there are no known rare or endangered species, there are several species which 
are endemic to N amaqualand. In addition, the lagoon is a unique ecosystem 1and 
the area contains relatively unspoiled ecosystems which are representative of this 
part of South Africa and which are presently not protected anywhere else. '{he 
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significance of the area's aesthetic and pristine quality is rated high to 
exceptional. There appear to be no significant historical or cultural sites apart 
from potentially valuable strandloper midden deposits. Finally, the importance 
of the system's ecological functions to any conceivable socioeconomic 
developments is thought to be low. 
Based on this analysis, the most promising management options are to plan 
developments relating to mining, recreation, and conservation and scientific 
research. 
Even though the agricultural potential of the area was judged to be very low, stock farming 
was an established land use and important to one major social group, and so was included as a 
land-use option. The four land-use options that were determined to be viable or of special 
interest to at least one major socjal group were 
• stock-farming 
• general recreation 
• national park (which included a marine reserve) and 
• diamond mining (principally surf and beach mining). 
The monetizable costs and benefits of these land-use options were estimated through an 
analysis of 
• net farm income in the region, 
• a survey of recreationists' willingness to pay for recreation benefits, 
• a forecast of national park expenditures based on the experience of another coastal park, 
and 
• projections by various experts on the likely scale and results of surf /beach mining 
operations. 
Appendices MM to NN present material which indicates how these analyses were 
accomplished. 
In addition, the Krutilla technique for making adjustments in Cost-benefit Analysis to take 
account of "dynamic opportunity costs" (see Dynamic Opportunity Cost Valuation in Chapter 3) 
was applied to calculate a contingency price that would equalize the excess monetary value of 
surf/beach mining over the national park (see Appendix BB). 
Not all of the land-use options were considered to be incompatible. Mining and general 
recreation were both considered to be compatible with farming, but not with each other; the 
national park was not considered to be compatible with any of the other land uses. Therefore, 
three mutually-exclusive resource allocation proposals were eventually selected as final 
candidate plans and formulated for evaluation: 
• mining and farming vs. national park; 
• general recreation and farming vs. national park; and 
• mining vs. general recreation. 
The Delphi Evaluation 
The major research objective of this study was to test a specific technique for measuring the 
interval between impacts, since this is the most crucial task that must be accomplished in order to 
apply the "fractional contingency price valuation procedure" (see A Proposal for Resolving the 
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Measurement Problem in this chapter). A variation of the Delphi method was used to apply the 
"fractional paired comparison technique" (see A Technique for Scaling Impacts in this chapter), 
and so obtain a group estimate of the relative significance of impacts that could result from the 
selected resource allocation proposals. The multidisciplinary Delphi panel, which had been 
selected by the project coordinator, consisted of eight persons and included a sociologist, an 
ecologist, a geochemist, a biologist, a recreational specialist, a fisheries specialist, a planner, and 
an agricultural specialist. 
In preparation for the evaluation meeting, the project coordinator had identified and 
defined the external costs and benefits that were associated with each pair of resource allocation 
proposals that were to be considered, and had produced a document which indicated how each 
proposal would affect each of the different interest groups (see Box 4.3). Then the Delphi panel 
met on 26 Feoruary 1982 for approximately six hours to determine the relative significance of 
nonmonetizable costs associated with each alternative. 
Due to time and financial constraints, the panel had not received a full impact report on the 
potential environmental impacts, but the panel had been given written material and a verbal 
briefing which described the impacts in general terms and explained how various interest groups 
would be differently affected by the proposals. All of the panelists were familiar with the study 
area and had read other documentation pertaining to the proposals and their potential impacts. 
After the meeting, the project coordinator used the panel's judgments to calculate 
contingency prices for certain impacts, and then employed the fractional contingency price 
valuation procedure to determine which of the final candidate plans would be most efficient. 
Finally, the project coordinator then analysed the relative efficiency and equity effects of the 
various plans and recommended which proposal would have the greatest social value (Stauth, 
1982b)). 
The Results 
The principal conclusions of the study were as follows. . .. :· . 
1. There are 22 farms in the study region and most of the farmers· would suffer great 
nonmonetizable costs if displaced. The farming community place great value on their life style 
and many families could find it extremely difficult to acquire new farms or take up new 
occupations, and to adjust to new communities or life styles. Nevertheless, the land in the study 
area is subject to frequent droughts and has been heavily overgrazed, so that farming no longer 
appears viable. With declining yields and higher transport costs, expenditure had already 
overtaken income and farmers were living off subsidies, savings and outside income. There 
seems to be little prospect that their children would continue farming operations. 
2. The Groenrivier mouth is a traditional holiday area for about 300 people. The majority 
do not want a national park or mining operation established in the area. Local recreationists 
appear to have few alternative holiday sites open to them. A survey revealed that the principal 
reasons for visiting the Groen are to be with friends and family in a peaceful and cool setting 
where one can catch rock lobsters and have a cheap holiday. The average expenditure (exclusive 
of food and drink) to visit the area was calculated to be R3,70 per person per day, and the 
additional willingness to pay (the "consumer surplus") was estimated to be no more than R3,04 
per person per day. Given present utilisation, the total recreational value of the site was 
calculated to be less than R20,000 per year. 
3. The mining potential of the surf zone is unknown but could be very great, particularly as 
new technology is developed. Forecasts of revenues from surf and beach mining are very 
problematical. The most optimistic scenario assumed diamonds would be found in suff~cient 
quantity, and the revenue per carat would be sufficiently high, to justify the use of 10 mobile 
treatment plants to process 4 million cubic metres of ore over a 20-year period. The net present 
discounted value (at 10%) of this operation was estimated to be R15,148,000. 
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BOX 4.3 
Distributional Consequences of Options 
IF GENERAL RECREATION AND STOCK FARMING IS SELECTED -
Benefits: 
1. About 300 local residents, as well as their descendants, will keep their traditional holiday 
area. 
2. About 20 farmers and their families will maintain their livelihood and homes. 
Costs: 
1. Stockholders and about 100 prospective employees of De Beers will lose a potential 
source of revenue and jobs. 
2. A small number of casual visitors will find the natural amenity value of the area 
diminished by an unsightly campground, degraded lagoon, and overexploited rock 
lobster resource. 
3. Present and future generations of scientists, artists, hikers, general recreationists, and 
conservationists will lose an area which could help satisfy demand for their various 
interests. 
IF BEACH AND SURF MINING AND STOCK FARMING IS SELECTED.-
Benefits: 
1. Stockholders and about 100 prospective employees of De Beers will gain a potential 
source of revenue and jobs. 
2. About 20 farmers and their families will maintain their livelihood and homes. 
Costs: 
1. About 300 local residents, as well as their descendants, will lose their traditional holiday 
area. 
2. A small number of casual visitors will find the natural amenity value of the area 
diminished by an unsightly campground, degraded lagoon, and overexploited rock 
lobster resource. 
3. Present and future generations of scientists, artists, hikers, general recreationists, and 
conservationists will lose an area which could help satisfy demand for their various 
"interests. 
IF A NATIONAL PARK IS SELECTED~ 
Benefits: 
1. Present and future generations of scientists, artists, hikers, general recreationists, and 
conservationists will gain an area which could help satisfy demand for their various 
interests. 
Costs: 
1. About 20 farmers and their families will lose their livelihood and homes. 
2. Stockholders and about 100 prospective employees of De Beers will lose a potential 
source of revenue and jobs. 
3. About 300 local residents, as well as their descendants, will lose their traditional holiday 
area. 
4. A small number of casual visitors will lose the opportunity to visit an "undeveloped" or 
"unspoiled" area and gather bait organisms and rock lobsters. 
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4. A national park would conserve important elements of west coast vegetation and provide 
other benefits, but it is difficult to forecast how many people would visit the park. The costs of 
developing and operating a national park for the next 50 years were forecast and present value 
equivalents for these costs were calculated using a 10% rate of discount. The present value of 
the costs was estimated to be R 7, 198,000. Since park benefits could not be forecast with any 
accuracy, it was decided to calculate what the initial year's tourism benefits (from both domestic 
and foreign visitors) would have to be to offset these costs and equalize the excess monetary 
benefit of mining (estimated to be R15,150,000, and assumed to remain constant or decline 
relative to park benefits in the foreseeable future). If one assumes no change in the price of or 
demand for tourism benefits, the initial year's benefits would have to be R2,254,000. However, if 
one assumes that the price per user day will increase 5% per annum, and the quantity demanded 
at the given price will increase 10% per annum, the value of the initial year's tourism benefits 
would only have to be R191,665 for the park to be more efficient than mining (see Dynamic 
Opportunity Cost Valuation in Chapter 3, and Appendix BB). 
5. An analysis of the nonmonetizable costs and benefits of each final candidate plan was 
undertaken by a multidisciplinary panel so that contingency prices could be calculated for each 
nonmonetizable cost. The decision maker could then evaluate these contingency prices for 
reasonableness and decide which of the mutually-exclusive alternatives would be more efficient. 
6. A review of selected contingency prices for each pair of mutually-exclusive final 
candidate plans was undertaken by the project coordinator, and the following conclusions were 
drawn: 
• a national park would be more efficient than surf and beach mining; 
• a national park would be more efficient than general recreational use; and 
• general recreational use would be more efficient than surf and beach mining. 
Therefore, establishment of a national park would be the most efficient resource allocation 
proposal. 
7. The total social value of the proposals was then evaluated by comparing their efficiency 
effects to their effects on the distribution of well-being. According to this analysis, the pref erred 
resource allocation proposal was determined to be the national park. 
The results of the analysis are described in more detail in Appendix K. 
Assessment of the Evaluation 
This case study was the first application of the experimental evaluation method, and several 
lessons were learned from the experience. One general lesson was the importance and difficulty 
of clearly defining the purpose of the study and the boundaries of the analysis. Several 
discussions were necessary with the sponsors of the study and other interested parties 
(particularly proponents of the principal alternatives) to ensure that the study area was properly 
demarcated and appropriate investigations would be conducted so that the study would be 
relevant. As a result of these discussions, the boundaries of analysis were considerably extended 
and the purpose of the study was re-defined. Only then could a proper study plan be devised. 
Essentially, the study became an environmental planning problem and in this it was not 
particularly successful. Inadequate time and attention was given to the search for compromise 
solutions; the project coordinator accepted the contention (expressed by several protagonists 
early in the study) that the inherent conflicts between the objectives of a national park and those 
of a mining company were completely irreconcilable. Subsequent events have proved this was 
not necessarily true; officials of De beers Mining and the National Parks Board have since 
commenced negotiations that would not only allow surf and beach mining in the proposed park 
but would make it a feature of the park. Apparently De beers management eventually decided 
that tourism may not be incompatible with mining operations, and it may be possible to regulate 
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tourist activity in ways that would be acceptable to both De beers and Parks Board management. 
This illustrates the importance of aggressiv:ely pursuing the search for mutually acceptable 
alternatives. 
The study also revealed the great difficulties involved in defining the proposals that should 
be subjected to evaluation, and in forecasting the possible consequences of specific actions 
associated with these proposals. For example, there were many possible mining proposals, and 
De beers management found it impossible to commit themselves to any specific scenario because 
so much depended on the results of prospecting, market demand for diamonds, the behaviour of 
competitors, and rapidly evolving technology. In addition, the value of outputs could vary 
greatly depending on the size of an ore body, the grade of the ore, the amount of overburden to 
be removed, and the revenue per carat. Similarly, the ecological costs of beach and surf mining 
were considered to be highly variable and dependent on a number of contingencies, such as the 
development of more efficient pumps and machinery. Such considerations, along with the 
previously mentioned need to continually search for new alternatives, constitute a strong 
argument for adopting an approach to evaluation that is flexible, emphasizes the quality of 
subjective judgments, and is based on the principles of political rationality (see Political 
Rationality vs. Economic Rationality in Chapter 3). 
There were several shortcomings in the way that the Delphi panel was selected and utilised, 
and this could cast doubt on the validity or acceptability of the panel's findings. The panel was 
small (only 8 panelists were used), and some disciplines and types of expertise that were relevant 
to the choices involved were not represented. The small size and limited multidisciplinary 
orientation of the panel meant that the range and content off eedback was restricted, and made it 
more difficult to assure anonymity of response. In addition, the subjective weighting of impacts 
is by nature difficult and imprecise, and therefore a larger sampling of weightings for any given 
impact should result in a more reliable and satisfying average weighting. Furthermore, the 
smaller the panel the greater the potential for distortions of weightings due to one or two 
idiosyncratie panelists. , 
Another major shortcoming was that prospective panelists were identified by the project 
coordinator alone, employing no systematic procedure, and interested parties were not given an 
opportunity to endorse or object to the composition of the panel, thus leaving the results of the 
panel's deliberations open to the charge of bias. For example, of the eight panelists selected, 
three were academics and the remaining five were employees of the central or provincial 
government. This could be considered an inadequate representation of society's interests, and 
may .be attributed to the unconscious bias and limited range of professional contacts of the 
project coordinator. 
A shortcoming that proved to be especially troublesome in the application of the 
fractionation technique was that panelists had not been involved in the identification or 
definition of the potential environmental impacts. This led to considerable confusion during the 
Delphi meeting, when it became apparent that panelists had different interpretations of the 
meaning of certain impact terms and statements. There was also concern that some impacts 
overlapped or interacted, and this gave rise to allegations of double counting. In addition, 
although a thorough briefing describing the alternatives and the study area was given at the 
beginning of the Delphi meeting (and this briefing was illustrated with slides, a film, and other 
visual aids), and although a document was provided which summarized the more salient points of 
the environmental investigations, the panelists were not taken on a site visit and no 
environmental impact assessment had been done; some of the panelists therefore complained 
that they lacked adequate information to make the judgme~ts that were being required of them. 
Finally, the fractionation technique used to weight or scale impacts was later determined by 
the project coordinator to be suspect because it did not satisfactorily resolve the problem of 
subjective origins (see The Problem of Scaling Subjective Value Judgments in Appendix C). This 
problem derives from the fact that there is no objectively determined, common point of 
reference from which all panelists can scale their judgments as to the degree of significance that 
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can be attributed to each impact. This means that it is theoretically possible for two panels to 
give the same weightings to a list of impacts when one panel considers all the impacts to be of 
relatively minor importance while the other panel considers all the impacts to be of extreme 
importance. Contingency prices based on such weightings would be identical, but this agreement 
would obviously be spurious. 
Other weaknesses or criticisms of the study included the fact that the project coordinator 
applied the evaluation criteria himself, even though he had no special qualifications, authority or 
competence to do so, and the intergenerational criterion was not applied at all. (It was only later 
that the intergenerational criterion was identified and put forward as a legitimate criterion for 
evaluating resource allocation decisions.) 
In spite of these several shortcomings the study stimulated great interest, all concerned 
parties agreed that the general approach was reasonable, and several of the techniques provided 
useful information to the decision makers. While it was recognized that the shadow-pricing 
techniques and some aspects of other procedures were quite unsophisticated in comparison to 
what has been done in other countries, and certain technical points could be criticized, it was 
generally felt that the approach taken was appropriate to the level of expertise and financial 
resources available for undertaking environmental evaluation in South Africa, and was an 
improvement on the more arbitrary evaluations that characterised current practices. 
Specifically: 
• The Environmental Aspect Analysis proved to be a systematic and comprehensive 
environmental planning tool. 
• The recreation survey, which involved both "travel-cost valuation" and "contingent 
valuation" techniques (see Shadow-pricing Techniques in Chapter 3) to estimate willingness 
to pay for present recreation opportunities, provided some indication of the current value of 
general recreation for the area. 
• The analysis of the national park alternative, based on comparisons with an existing park 
(an adaptation of the "output valuation" shadow-pricing technique), provided some 
indication of the required value of a national park to make it more efficient than the mining 
alternative. 
• The use of the "threshold valuation" technique (see Threshold Valuation in Chapter 3) 
helped simplify the decision making problem by producing a specific contingency price that _ 
could be evaluated against a list of nonmonetary impacts for reasonableness. In the case of 
the comparison of the national park and the mining alternatives, this information was 
supplemented by a range of values, based on a variety of assumptions from which the 
decision maker could choose and which took account of the changing nature of the terms of 
trade over time; these values were generated with a computer programme adapted from the 
Krutilla model (see Dynamic Opportunity Cost Valuation in Chapter 3, and Appendix BB). 
• Finally, the Delphi technique permitted the calculation of "fractional" contingency prices 
(using the fractional contingency price valuation procedure) to simplify the decision making 
problem still further by providing values for specific impacts, any one of which could then 
be selected for an evaluation on which to base a decision that preserved the character of the 
original choice. It was felt that in spite of the problem of subjective origins alluded to 
above, the values calculated would be useful to the decision maker in analyzing the nature of 
the choices and trade-offs involved, and in undertaking his own comparative evaluations. In 
addition, the procedure encouraged analysts and decision makers to explicitly state and re-
consider their assumptions during the evaluation process. 
The general feeling of the study's sponsors, as well as that of others who were involved in 
the study, was that the overall approach was conceptually sound and provided useful guidance in 
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helping the decision maker to come to a rational decision. While there was some doubt as to 
whether the fractional paired comparison technique and the fractional contingency price 
valuation procedure produced sufficiently accurate results to justify basing a decision on the 
trade-off between a single impact and a specific sum of money, there was substantial agreement 
that there was great value in going through the exercise of weighting impacts and (calculating 
contingency prices for them) because it forced one to be comprehensive, systematic and explicit 
in one's evaluation of alternatives with very different outputs, and this experience helped one to 
develop a better understanding of the nature and importance of these outputs. 
CASESTUDY2 
Background 
In June 1982 Dames & Moore, a firm of consulting engineers, requested the School of 
Environmental Studies at the University of Cape Town to assist with an environmental 
evaluation of a proposed granite quarry site in a wine-farming area near Kuilsrivier in the 
southwestern Cape. To gain approval for the project the client, Hippo Quarries, had to obtain a 
permit from the Department of Mines and Energy. The client anticipated resistance to the 
project from local wine farmers, conservationists, and others because of the scenic quality, 
idyllic rural atmosphere, and historical significance of Cape Dutch buildings in the vicinity of the 
quarry site. Hippo Quarries had therefore decided to seek the advice of a firm of environmental 
consulting engineers in order to discover the major problem areas so that action could be taken 
to improve the general acceptability of the project and thus defuse public opposition. Dames & 
Moore recommended that the firm authorize a formal environmental evaluation and submit the 
resulting report in support of their application for the permit. 
The study plan called for Dames & Moore to conduct a preliminary environmental study 
which would describe the proposed project and the affected environment. This study would then 
be used by the School of Environmental Studies to identify potential impacts and evaluate their 
relative significance. The client would use this information to redesign the project so as to avoid 
or mitigate the more important adverse impacts, and enhance the beneficial impacts, in order to 
improve the prospects that the application would be approved. The environmental report that 
would accompany the application would indicate what impacts could be mitigated and how this 
would be done. Finally, by judging the relative significance of all the adverse and beneficial 
impacts of the project, and calculating contingency prices for these impacts, the evaluation would 
indicate whether the net benefit of the project to society as a whole was positive or negative. 
One of the major lessons learned from Case Study 1 was the critical importance of ensuring 
that all members of an evaluation panel agreed on the identity and definition of impacts. The 
project coordinator decided to use the Nominal Group Technique to identify and define the 
impacts, and the Delphi evaluation technique to estimate their relative significance. 
Due to severe time constraints imposed by the client, a full investigation of potential 
impacts identified by the panel would not be possible. In fact, the impact definition and 
evaluation meetings were scheduled to be accomplished within a two-day period following a site 
visit for the Delphi panelists. Nevertheless, there would be opportunities for the panelists to 
discuss potential impacts with experts on the site visit, and it was felt that the preliminary 
environmental study produced by Dames & Moore would be useful to the evaluation panel. In 
any case, this situation provided an opportunity to assess the usefulness of the formal evaluation 
procedures in cases when there were severe time and monetary constraints for conducting an 
evaluation. 
The project coordinator decided to organize two panels to accomplish the very different 
tasks of identifying and weighting impacts. These panels were named the "identification panel" 
and the "weighting panel". The identification panel would be made up of affected parties, 
relevant experts, the client's planners, and a neutral or nonpartisan group of respected persons 
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whose judgments would likely be respected by all concerned parties. This latter group, in 
addition to serving on the identification panel, would comprise the weighting panel, which would 
consist of persons who were considered unbiased but generally knowledgeable about the kinds of 
issues that would be involved. 
The project coordinator informally consulted the client as well as a number of colleagues to 
recommend suitable members for the two panels. There was little time to assemble the panels, 
and so consultations and recruitment were done primarily by telephone. A total of 27 persons 
accepted invitations to serve on the impact identification panel, and 11 of these agreed to also 
serve on the weighting panel. (Two of the persons who were to be on both panels later had to 
withdraw.) Members of the weighting panel represented a number of different disciplines that 
were considered relevant to the study. 
The identification panel was to be charged with producing a comprehensive listing of 
potential impacts from the project. Each impact would be precisely defined, and an attempt 
would be made to obtain consensus on impact definitions. If any panelist felt that two impacts 
overlapped or interacted in some way, a new impact definition would be sought that would 
subsume the others. In this way a list of truly discrete, clearly articulated impacts could be 
compiled and submitted to the weighting panel for evaluation. 
The weighting panel was to be charged with evaluating the relative significance of the 
impacts to society. This would be done using the same procedures employed in the first case 
study: panelists would be asked to undertake three iterations of rating the significance of the 
impacts on a scale of 1 to 7, and then each panelist would do a final rating in order to obtain a 
ranking of the impacts; the last step would be· to apply the fractional paired comparison 
technique to determine how much more important one impact is than another (see Box 4.2). 
(Although it had been determined after the Groenrivier case study that this technique did not 
seem to provide a reliable interval measure of significance, no other technique had yet been 
discovered that offered any substantial advantages.) 
The weighting panel would require the full project . description, the preliminary 
environmental report, a site visit, and a complete list of im.pacts before the signifi~a~ce 
evaluations could be done. It was especially important that members of this panel were also on 
the identification panel so that they would have an opportunity to identify and define impacts to 
their satisfaction, and would have a clear understanding of the nature and meaning of the impact 
statements. 
The Study 
The General Approach 
While Dames & Moore initiated the preliminary environmental study, the project 
coordinator contacted prospective panelists and made arrangements for the meetings. A 
suitable venue was found on the University of Cape Town campus and the meetings were 
scheduled on two consecutive days in July 1982. Due to the time constraints, it was not possible 
to use a more sophisticated (and impartial) technique for selecting panelists, or to fully describe 
the procedure to affected parties and relevant government authorities, or to obtain general 
agreement as to the composition of the panels. Members of the identification panel were briefed 
by telephone as to what would be expected of them. 
The weighting panel received a more detailed briefing; first the panelists received a 
preliminary environmental report, and then they were conducted on a site visit accompanied by 
consultants to the client who were intimately familiar with the project proposal. In addition to 
visiting the site of the proposed project, the panelists were taken to an existing granite quarry 
operation and given a tour of the facility and surrounding area. 
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The identification panel consisted of 25 people comprised of the following groups: 
• affected parties (6); 
• environmental consultants (6); 
• Hippo Quarries planners (4); and 
• the neutral group (9). 
The "affected parties group" were representatives of wine farmers, historical societies, and 
other organizations known to have an interest in the outcome; and who had expressed concern 
about and given considerable thought to the potential impacts of the project. The 
"environmental consultants group" were persons who had been engaged by Dames & Moore to 
undertake special investigations of the affected environment, and were therefore considered 
knowledgeable about the project and the area. The "Hippo Quarries group" were planners who 
had designed the project and were also familiar with the area, and who were in a pos_ition to point 
out the beneficial impacts of the project. The "neutral group" (which also comprised the 
weighting panel) was made up of respected academics and government planners who had been 
on a site visit and studied the preliminary environmental report, and might therefore identify 
impacts that would be overlooked by the other groups. 
Impact Identification 
The identification panel met in a conference room on a weekday morning and were briefed 
by the project coordinator on the objectives of the meeting and the procedures that would be 
followed. The principal objective was to identify all possible impacts - both adverse and 
beneficial - that could result from the quarry project, and to clearly define these impacts and 
distinguish them from one another so that the weighting panel could then evaluate their relative 
significance. It was explained that the intention was to list all the possible concerns that anyone 
might have, so that attention coulcfbe given to developing acceptable mitigation measures, and 
so that a full and proper evaluation could be done. A special search had been made to find _ 
persons who could make a meaningful input to the impact identification process, and therefore a 
diverse group of people had been assembled. The various parties around the room were then 
introduced and their interest in the project described in very general terms. 
It was then explained that the Nominal Group Technique was the procedure that would be 
used to guide the impact identification process (see D~lphi and Nominal Group Technique in 
Chapter 3). Panelists were told that initially there would be no direct communication between 
panel members; all questions and comments were to be addressed to the project coordinator, 
who would then either respond dfrectly or refer the question or ask for comment from another 
panelist. After the impact identification process was complete, discussion would be allowed to 
refine the impact definitions and ensure there was clarity on every point. It was emphasized that 
each panelist would be able to present all of his concerns before the meeting was concluded. 
It was at this point that something unexpected occurred. One of the panelists stood up and 
read a prepared statement in Afrikaans, after which three of the panelists from the affected 
parties group walked out of the meeting. This planned walkout was to protest the fact that the 
meeting, about a project which most directly concerned a predominantly Afrikaans community, 
was being held at an English-speaking university. Fortunately, some of the affected parties 
group remained so that at least some of the input from this important group was subsequently 
obtained. 
The remaining panelists (who were somewhat nonplussed by the incident) were asked to 
take a sheet of paper and, working independently and silently, write down all of the impacts 
(both beneficial and adverse) that could result from this project, defining these impacts as 
concisely as possible. Panelists were requested to make impact definitions clear and ensure that 
the impacts on their ,list did not overlap or interact but were truly discrete impacts. 
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After the panelists had finished writing, the project co9rdinator asked a panelist selected at 
random to read out one impact from those he had listed. This impact was recorded by an 
assistant on a large flip chart, and then the sheet was torn off and stuck to the wall. Then the 
next panelist was asked to name one impact from his list, and this impact was similarly recorded 
and posted. Each impact was assigned a symbol ("Bl" for the first beneficial impact, and "Al" for 
the first adverse impact identified) and the process continued around the room, with each 
panelist naming an impact that had not previously been listed, or else offering an impact that was 
similar to one already listed but which differed in some significant way; these latter were treated 
as alternative definitions to previously listed impacts. 
Eventually none of the panelists had any impacts left on their lists which were not already 
posted (and defined to their general satisfaction). At this point, there were many sheets posted 
on the walls, most of which listed discrete impacts, but some of which were intended as 
alternative definitions to other impacts. The project coordinator then opened the floor to 
discussion by asking the panelists to consider the alternative definitions, and to off er re-wording 
that would reconcile the differences. In many cases there was clear agreement that one of the 
definitions was superior, or still another definition was offered and there seemed to be general 
consensus that it was a better expression of the impact. In other cases, the competing definitions 
were modified so that they became discrete impacts. Where disagreement persisted, both 
versions of the impact were accepted as alternative expressions of the impact. 
Impact Evaluation 
The following day, the weighting panel met in the same room. The project coordinator 
explained that the original objective of the meeting had been to conduct a thorough Delphi 
evaluation of the relative significance of two lists of impacts - those which were adverse and 
those which were beneficial. Unfortunately the list of adverse impacts was so long that it would 
not be practicable to attempt this task within the time allotted for the meeting, and therefore the 
objective had be~n altered . 
. The intention now was to divide the list of adverse impacts into two more tractable lists: 
those which could be mitigated and those which could not. These two lists would then be 
separately subjected to the Delphi procedure of three iterations of rating with feedback after 
each iteration, followed by a final rating without feedback to facilitate a ranking of impacts. 
After this, the 10 highest-ranking impacts on each list would be weighted so that the relative 
significance of the more important adverse impacts could be determined. The two lists would be 
evaluated in parallel (e.g., while the results of the first rating of the "mitigable" impacts were 
being processed, the panel would rate the "unmitigable" impacts; and while the latter were being 
processed, the panel would consider the feedback on the mitigable impacts and undertake a 
second rating of these). If time permitted, the beneficial impacts would also be rated and scored. 
The first task was to agree as to which impacts were mitigable and which were unmitigable. 
The project coordinator had prepared lists of what he considered to be mitigable and 
unmitigable impacts based on consultations with Hippo Quarries planners (held after the 
previous day's meeting), and these lists were presented to the panel. After some discussion, full 
agreement was obtained and the Delphi procedure was commenced. 
The panel managed to accomplish three iterations with feedback for each of the two lists of 
adverse impacts, and apply the fractionation technique to the top ten impacts, as judged by the 
third iteration, on each of these lists. ~eedback consisted of histograms after each iteration as 
well as paraphrased comments after the second and third iteration. (The histograms were 
prepared on overhead transparencies by a data processing team using calculators in an adjoining 
room, and summaries of comments were prepared and read aloud to the panel by an assistant). 
After the third iteration for each list, panelists were presented with a list of the ten impacts 
with the highest group ratings and asked to use their individual ratings for these impacts to rank 
them and then apply the fractional paired comparison technique to them. Panelists were also 
asked to undertake one iteration of rating the beneficial impacts in order to at least give the 
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client some indication of their perceived importance. Finally, the panelists anonymously voted 
on the question of whether the project should be approved, and supplied brief written statements 
explaining the reasons for their votes. 
The Results 
The identification panel identified 45 adverse impacts and 23 beneficial impacts. The list of 
adverse impacts was subsequently divided into 22 potentially mitigable and 23 essentially 
unmitigable impacts for evaluation by the weighting panel. The results of the rating procedure 
were used to rank the ten most significant impacts on each of the three lists so that the 
proponent, the authority, and other interested parties could see what the major advantages and 
disadvantages of the project were, and where mitigation efforts should be concentrated. Scores 
given by the weighting panel to each impact on the two lists of adverse impacts was also provided 
to give some indication of the relative importance of these impacts. (Scores could not be 
provided for the beneficial impacts since only one iteration of rating had been done and no ratio-
scoring had been accomplished.) 
' The results of the evaluation were given to Dames & Moore, and further investigations were 
done by them to determine how the more significant adverse impacts could be mitigated and 
whether the unmitigable impacts could be avoided or some form of compensation arranged. The 
project was subsequently redesigned in light of findings from these investigations, and an 
environmental report was prepared by Dames & Moore indicating what Hippo Quarries 
intended to do about these impacts, and providing further information pertaining to the 
unmitigable impacts. This report was submitted to the Department of Mines and Energy in 
support of the application for a permit. It was thought that the Department might accept the 
proposed mitigation measures, and stipulate their adoption as a condition for the permit to 
remain valid. 
In spite of these efforts by Hippo Quarries to make the project more environmentally 
sound, the application was denied; 
Assessment of the Evaluation 
The Nominal Group Technique and Delphi technique both proved useful and met the 
client's need to compile and evaluate a comprehensive listing of project impacts within a very 
short time. In general, participants were satisfied with the techniques and general approach; the 
major exception was the Afrikaans group, who apparently objected to the venue rather than the 
procedure itself. 
The major weaknesses in this evaluation could be attributed largely to the severe time 
constraints that were imposed. There was no opportunity to employ an objective technique for 
identifying prospective panelists, or to secure approval from all concerned parties as to the 
composition of the panel. In addition, participants were not fully informed as to the nature and 
purpose of the study, and the reasons why the study was being conducted as it was, and this 
contributed to the walk-out by some members of the impact identification panel. Finally, very 
little time was devoted to the critical tasks of refining impact definitions, and clarifying the 
nature of these impacts and their relationships to one another, and there was no time to conduct 
an Environmental Impact Assessment before the Delphi weighting procedure was conducted. 
Relatively few representatives of those groups who could be adversely affected by the 
project were invited to serve on the impact identification panel: only six members of the panel 
could be considered possible objectors to the proposal, while ten could be considered 
proponents (i.e.,. representatives of Hippo Quarries and Dames & Moore). In addition, 
members of the weighting panel were accompanied by representatives of Hippo Quarries and 
Dames & Moore on their visit to the site and the existing quarry, but not by any spokesmen for 
the opponents of the project. Such failures to constitute a truly diverse panel and maintain a 
balance between members of naturally opposing groups lays the study open to charges of bias 
and favouritism. 
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The original evaluation objectives were not accomplished, primarily because of the 
unexpectedly high number of impacts (68) that were identified by the impact identification 
panel. Because the full lists were not evaluated, it was not possible to calculate contingency 
prices for any of the adverse impacts. The weighting procedure was applied to only a portion of 
the adverse impacts, and so it was not possible to evaluate the relative significance of the full list 
of adverse impacts, and only a single iteration of rating was accomplished for the beneficial 
impacts. 
In retrospect it was a mistake to schedule the meetings of the impact identification panel 
and the weighting panel on two consecutive days; if more time had been available between these 
meetings it would have been possible to make more satisfactory adjustments to the evaluation 
procedure. As it was, great pressure was placed on the project coordinator to revise the 
programme for the weighting panel in order to produce some useful results. Fortunately, the 
client was satisfied with the idea of separating the adverse impacts into lists of those which could 
be mitigated and those which could not, and was not greatly concerned about evaluating the 
relative significance of all the impacts, and did not require any evaluation of the beneficial 
impacts. 
There were some difficulties with the evaluation conducted by the weighting panel. 
Although the problem of subjective origins in relation to weighting or scoring impacts had 
already been discovered (see Case Study 1), no satisfactory resolution to this problem had yet 
been discovered, but it was felt that group scores (achieved through aggregating individual 
scores) were still preferable to those of any individual. Some panelists were unhappy with the 
idea of scoring the top ten impacts on each list as identified by the group as a whole (pref erring 
to score the top ten impacts on their own lists) but they eventually accepted that the group 
ranking would have to be used to enable a set of impacts to be weighted by all panelists. 
The client had hoped that the panel would reach a clear conclusion that the proposal should 
be approved, but most of the panelists disapproved of t.he proposal as it existed. Nevertheless, 
several of the panelists qualified their judgment on the overall acceptability of the project, and ..... 
indicated they did not feel confident in making a recommendation. Part of the problem was the 
uncertainty about what the company could and would do to mitigate certain impacts, and some of 
the panelists indicated that under certain conditions the proposal might be acceptable. It was 
clear, therefore, that further clarity was needed about the nature and magnitude of impacts, and 
about the extent and effectiveness of mitigation, before the panel could reach a judgment as to 
whether the proposal should be approved. In addition, because of the problem of subjective 
origins, it was not possible to aggregate the values given to the top ten costs and top ten benefits 
to judge whether the costs exceeded the benefits. 
At the end of the evaluation meeting, members of the weighting panel were requested to 
submit written comments to the project coordinator stating any reservations they had about the 
impact identification and weighting procedures that had been used. The more salient comments 
were as follows. 
• Some panelists had found the two sessions tiring and were concerned that their performance 
was affected by the time pressure and the number of difficult judgments required. 
• There had been some delays in obtaining feedback, and it was suggested that a 
microcomputer should be used to produce histograms and other measures of group response 
more quickly. 
• The feedback of histograms and comments was generally considered helpful, but some felt 
that there was insufficient information exchange on the more complex issues. 
• In spite of the efforts to clearly define the impacts, certain impact definitions were still 
rega.rded as somewhat ambiguous or overlapping, and it was not always obvious who would 
bear the impacts. 
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• The preliminary environmental report was regarded as inadequate because it did not 
address the specific impacts that had been identified; it was therefore difficult to judge the 
extent or seriousness of some impacts. 
• Panelists did not feel competent to judge whether the proposal should be approved because 
- insufficient information was available on the potential impacts, possible 
mitigation measures, and alternatives; 
- only ten costs and ten benefits had been weighed; and 
- evaluation criteria had not been explicitly applied. 
• Finally, there was a feeling that the panel was not balanced; there were too many academics, 
particularly from the social sciences. 
In spite of these reservations, all but one panelist found the exercise useful and felt that the 
Delphi evaluation technique had considerable merit and was worthy of being developed further. 
DISCUSSION 
This chapter has presented the theoretical foundations for developing a strategy and 
environmental evaluation methodology for resource management, as well as a set of procedures 
for undertaking formal evaluations. The formal evaluati9n procedures have been applied to two 
case studies, and the major lessons learned have been summarized. 
The first task was to define the goal and objectives of resource allocation, and to formally 
identify the evaluation criteria that would be used to develop a resource management strategy 
and an environmental evaluation methodology. The a priori premises which have been 
presented in this chapter should be acceptable to most people, and the goal of resource 
allocation that has been derived from these premises - to maximize social well-being over 
intergenerational time periods - should also be widely accepted. In addition, there should be 
little disagreement that the evaluation criteria which have been specified here (efficiency, equity 
and sustainability) are both necessary and sufficient to measure progress towards the goal. 
Resource allocation involves decisions at two levels. First it is necessary to decide on a 
general strategy of resource management; this consists of devising appropriate policies, 
legislation and administrative procedures to give effect to broad goals or objectives, within which 
-more specific matters of choice can be addressed. Then it is necessary to develop an evaluation 
methodology which can be applied to the choice between competing resource allocation 
proposals. 
Accordingly, this chapter has first identified some of the considerations which should be 
addressed in devising a resource management strategy, and has suggested in general terms what 
form this strategy might take. Specifically, arguments have been advanced to 
• proclaim a national conservation policy which would constrain resource allocation options, 
• enact environmental legislation which would regulate resource utilization, and 
• adopt administrative mechanisms to give effect to the principles and concepts of Integrated 
Environmental Management. 
The environmental evaluation methodology is based on the principles of political 
rationality, but makes provision for applying a formal evaluation method based on the principles 
of economic rationality when resource allocation proposals are particularly controversial. While 
a cost-benefit framework, Delphi procedures, and some kind of scaling procedure all appear to 
constitute valid and important elements in the development of a method for evaluating 
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controversial resource allocation proposals, several shortcomings were discovered with the 
evaluation procedures that were applied to the two case studies. 
In Case Study 1, because the project coordinator identified and defined the impacts, some 
panelists misinterpreted impacts or felt that not all the impacts had been identified or defined to 
their satisfaction. In addition, the ratio-scoring procedure that was utilized did not satisfactorily 
resolve the problem of subjective origins. Finally, the evaluation criteria were applied by the 
project coordinator, who may have been perceived as biased in respect of the alternative 
proposals. 
In Case Study 2, the Nominal Group Technique was used to generate a comparatively 
comprehensive and acceptable list of impacts, but there was still c'onfusion over some 
definitions, and some impacts appeared to overlap or interact. The same unsatisfactory ratio-
scoring procedure used in Case Study 1 was used in Case Study 2, and again there was no formal 
application of evaluation criteria by unbiased persons. Insufficient time was provided for the 
impact identification and evaluation process, so that panelists felt rushed and tired, which 
probably affected the quality of their judgments. In addition, panelists. were concerned that 
insufficient information had been provided to permit informed judgments as to the significance · 
of many impacts. 
Other shortcomings of the evaluations done for these case studies were also noted. For 
example, the brief given to the project coordinator by study sponsors was inadequate in both 
cases, which resulted in faulty study design. Members of the evaluation panels were selected by 
the project coordinator, and there were indications that the composition of the panel may not 
have been considered acceptable by all concerned parties. And there was some skepticism as to 
the potential reliability of the fractional contingency price valuation procedure. 
Nevertheless, other aspects of the general approach to evaluation - including the cost-
benefit framework, the application of Delphi principles to a meeting situation which was 
concerned with evaluation instead of forecasting, and the attempt to systematically and explicitly 
judge the relative significance of all impacts - were considered fundamentally correct and worthy 
of further development. In addition, adaptations of certain conventional shadow-pricing 
techniques in Case Study 1 were generally regarded as appropriate and useful, although there 
was still some question as to whether they were sufficiently reliable and cost-effective. 
The principal conclusion from the two case studies was that it was necessary to more clearly 
define the objectives and tasks of the evaluation method, and to devise new techniques for 
accomplishing the key tasks. In addition, a comprehensive testing programme was needed to 
better assess the reliability and usefulness of the procedures employed, and to adequately 
demonstrate how well the new method could address a wide range of resource allocation 
proposals. 
94 
CHAPTER. S 
THE PANEL EVALUATION METHOD: A 
DELPHI-BASED APPROACH TO EVALUATING 
CONTROVERSIAL RESOURCE ALLOCATION 
PROPOSALS 
OVERVIEW 
The two case studies presented in Chapter 4 revealed certain shortcomings in the 
procedures that had been devised for evaluating controversial resource allocation proposals. 
The lessons learned from these case studies led to the development of new procedures which 
together comprise a formal method of evaluation called the Panel Evaluation Method. 
There are two major parts in this chapter. The first part presents a discussion of the 
purpose and objectives of the Panel Evaluation Method. This includes a description of the 
general conditions under which the method should be applied, and the listing of nine specific 
tasks which should be addressed in a formal evaluation. Then the major objectives of the 
evaluation method are presented: 
• impact identification and definition; 
• impact evaluation; and 
• application of selected criteria . 
After this, three techniques for accomplishing these objectives are presented, and the 
procedures involved are described in general terms. 
Because of the great theoretical and practical difficulties of determining the relative 
significance of a list of impacts, there is a special discussion of the technique for evaluating 
impacts: the Significance Measurement Technique. This technique uses procedures which have 
b_een designed to greatly reduce these difficulties, but the reliability of the technique needs to be 
tested, and a hypothesis is formulated for testing. 
The second part of the chapter presents a detailed description of how the Panel Evaluation 
Method can be used to accomplish each of the nine tasks identified in part one. This part also 
presents the results of a case study which concerned the choice between a marina and a nature 
area; this case study is presented to demonstrate how all nine tasks are to be addressed. In order 
to more clearly communicate how the method works, each task is first discussed in general terms, 
immediately followed by an example from this case study - Case Study 3 - which illustrates how 
that particular task is to be conducted. 
The chapter concludes with an assessment of the effectiveness and potential reliability of 
the Significance Measurement Technique, and a discussion as to how this important technique 
might be more effectively employed in future studies. 
PURPOSE AND OBJECTIVES OF THE PANEL EVALUATION METHOD 
The Panel Evaluation Method has been developed for· those situations in which it 1s 
determined that a formal evaluation is required. Formal evaluations of resourc(( allocation 
proposals should normally be undertaken when 
• the resources involved are of special concern to one or more social groups, 
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• there is great disagreement as to which proposed use of these resources is in the best 
interests of society, and 
• the proposals are mutually-exclusive (i.e., there is no possibility of meaningful 
compromise). 
The Panel Evaluation Method is based on the principles of economic rationality, but also 
takes cognizance of and makes provision for applying the principles of political rationality (see 
Political Rationality vs. Economic Rationality in Chapter 3). In fact, the object is to employ 
satisf icing behaviour whenever possible, but if political processes cannot resolve conflict, to 
provide an approach to maximizing behaviour that can be seen to produce rational and unbiased 
evaluations. 
To this end, the Panel Evaluation Method provides for the systematic application of three 
evaluation criteria - efficiency, equity and sustainability (see Defining Evaluation Criteria in 
Chapter 3) - and ensures that the evaluation process is logical, rigorous, comprehensive and 
explicit. The Panel Evaluation Method consists of nine major tasks, which can be summarized as 
follows: 
• Define the terms of reference and devise a study plan. 
• Describe the study area. 
• Determine which proposals will be fully evaluated. 
• Select members of a panel to evaluate the proposals. 
• Identify and define the impacts which could result from each proposal. 
• Investigate and prepare a report on the impacts associated with each of these proposals. 
• Judge the relative significance of each proposal's impacts. 
• Identify the proposal which best meets the selection criteria (efficiency, equity and 
sustainability). 
• Analyze the results and prepare an environmental evaluation report for the decision maker 
and all concerned parties. 
Although the principal tasks of the major evaluation techniques used in the method could be 
accomplished by one person, the procedures that have been developed here for evaluating 
especially contentious or controversial resource allocation proposals are intended to be 
conducted by a group of neutral, unbiased persons formed to advise the decision maker as to the 
relative merits of the proposals under consideration. Group judgments can be useful for several 
reasons: personal bias, prejudice, and other limitations of the individual are reduced or 
effectively screened-out; the responsibility of the evaluation is shared; and many people believe, 
and empirical evidence seems to confirm, that "several heads are better than one" (Dalkey et al., 
1972:4; Hill, 1982), and people are therefore more inclined to accept group judgments over any 
one individual's judgments. 
The formal evaluations undertaken in the Panel Evaluation Method are thus to be 
accomplished by a panel of persons who are considered to be wise, reasonable and impartial, and 
whose opinions are therefore likely to be respected by the concerned parties. Considerable care 
must be taken in selecting panel members, and the composition of the panel should always be 
approved by spokesmen for the major concerned parties. 
The panel is guided through the evaluation process by a "project coordinator". This person 
plays an important role in providing information to the panel and ensuring that appropriate 
procedures are followed for accomplishing the various tasks. Like the Delphi Method (see 
\ 
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Delphi and Nominal Group Technique in Chapter 3), on which the Panel Evaluation Method is 
largely based, there is a requirement that certain key tasks be repeated. And, like Delphi itself, 
the Panel Evaluation Method is characterised by anonymous debate, controlled feedback, and 
statistical group response. 
The three pre-eminent objectives of the evaluation panel are to: 
• identify and define the impacts associated with each proposal; 
• evaluate the relative importance or significance of impacts associated with each proposal; 
and 
• determine which proposal best satisfies the three evaluation criteria. 
A brief description of how these objectives are accomplished is given in what follows. Then 
a detailed discussion of all nine tasks of the Panel Evaluation Method, illustrated by a case study, 
will be presented in the next section. 
Impact Identification and Definition 
The "Impact Identification Technique" is used to accomplish this objective.1 This technique 
is aimed at producing a full and comprehensive list of discrete and clearly defined impacts. 
Although the Nominal Group Technique seemed to be reasonably effective for identifying 
impacts (see Case Study 2 in Chapter 4), there had been some disagreement as to how impacts 
should be defined and there was subsequently some confusion over the interpretation of certain 
impacts. Because of the critical importance of this task, it was decided to allow more time for 
forecasting impacts and refining the definitions of these impacts. The Impact Identification 
Technique is therefore based on conventional Delphi procedures, in which a number of 
iterations are conducted through the post. 
Panelists are provided with a briefing document which has been prepared by the project 
coordinator in consultation with representatives of the major concerned parties. This document 
is intended to brief panel members on the nature of the alternative proposals, the characteristics 
of the environment that will be affected, and other relevant information. 
After studying the briefing document, panelists are taken on a site visit, accompanied by 
spokesmen for the competing proposals (and perhaps experts from relevant disciplines), and 
given an opportunity to ask questions about the proposals. This site visit is intended to enhance 
understanding of the environmental implications of the competing proposals. 
After the site visit, the panel undertakes an iterative procedure (usually, but not necessarily, 
conducted by post) to identify and define, to the satisfaction of all members, the potentially 
significant impacts associated with each proposal. This exercise is intended to ensure that the 
list of impacts is comprehensive, that the impacts are independent or discrete (i.e., do not 
interact or overlap to any significant extent), and that all panelists interpret the impacts in the 
same way (see Task 5 in this chapter for a more detailed discussion of this process). 
Normally two iterations of impact identification and definition will suffice. In experiments 
with Delphi to develop a sound information base for environmental decision making and the 
development of monitoring programmes, Richey et al. (1985a:142-143) found that there was 
little movement toward consensus after the second iteration, and so concluded that it was not 
necessary to have a second round off eedback and a third iteration. This finding was supported 
by the results of this research (see Case Studies 3 - 6), although after the second round of 
feedback individual panelists sometimes requested relatively minor modifications in impact 
definitions, which then had to be cleared with other members of the panel. 
After the list of impacts has been finalized to everyone's satisfaction, the project 
coordinator engages appropriate experts to investigate the impacts and supervises the 
For a more detailed description of this technique, see Task 5: Identify and Define the Impacts Which Could 
Result From Each Final Proposal (in this chapter). 
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preparation of an impact report. This report 1s to assist the panelists m evaluating the 
significance of the impacts. 
Impact Evaluation 
The "Significance Measurement Technique" is used to accomplish this objective.2 The 
Significance Measurement Technique, which can be accomplished through the post or in a 
meeting situation, is aimed at producing a group measurement of the relative significance of the 
impacts that have been identified by the Impact Identification Technique. Since the evaluation 
of impacts was the primary focus of this research, as well as being the most complex and 
challenging aspect of the Panel Evaluation Method, a description of the procedures used, as well 
as a discussion of the development and theoretical basis of the Significance Measurement 
Technique, will be presented here in some detail. 
The Rating and Ranking Procedure 
After reviewing. the impact report, the panelists undertake an iterative rating procedure in 
which the significance of each impact is rated on a scale of 1 to 7. (In this procedure, "1" signifies 
"very unimportant'', "4" "moderately important", and "7" "extremely important".) The results of 
each rating are tabulated and "fed back" in the form of histograms to the panel so that each 
panelist can see how his individual ratings compare with those of the group as a whole. 
Generally three iterations of rating (with feedback) are accomplished, followed by a fourth 
rating (without feedback). The fourth rating is necessary in case any ratings have changed as a 
result of the final feedback, before panelists rank-order the impacts. This iterative· rating 
procedure is intended to encourage panelists to think more deeply about the implications of the 
impacts, and to give panelists a better feeling for the relative importance of the impacts. While 
only two iterations of rating are recommended for impact identification and definition, 
additional iterations are thought necessary for the impact rating procedure because of the 
diff~rent (and more difficult) nature of the evaluation task. While panelist~ may be inclined to 
accept the wording of a forecast so long as the general sense is right, one would expect a greater 
inclination to change a number that represents a value. 
Although, as mentioned above, Richey et al. (1985a:142) stated that their results indicated 
that two iterations off eedback should normally be sufficient, this conclusion was based largely 
on the observation that there was greater consensus on conceptual issues than t~ere was on 
factual or "data-based" issues. It appears to be relatively easy to achieve consensus on 
conceptual issues, when one is dealing with qualitative data and descriptive techniques (such as 
specifying elements of a monitoring programme, or defining potential impacts). But when one is 
dealing with quantitative data to resolve factual issues, or using measuring techniques to express 
value judgments, then it is much more difficult to obtain consensus. While it may be unrealistic 
to try to forge consensus on factual data - such as the rate of water dilution necessary to avoid 
some threshold level of change, or the relative monetary costs of independent versus replicate 
samples (Richey, et al., 1985a:142) - in the case of value judgments it seems worthwhile to spend 
more effort re-examining and refining measures of significance to obtain a better and more 
reliable group judgment.3 
After the final rating, panelists are asked to independently rank-order the impacts 
according to their social importance. The ranking procedure is obviously greatly facilitated by 
reference to the final rating scores, and can be accomplished relatively quickly. This step is 
needed to assist panelists i~ applying the following ratio-scoring procedure. 
2 For a more detailed description of this technique, see Task 7: Judge the Relative Significance of Each Proposal's 
Impacts (in this chapter). 
3 In fact, the results of the present research confirm that the third iteration of rating produces greater agreement 
among panelists. For example, in one study in which nine panels rated two or more lists of impacts there was 
greater consensus (as measured by the standard deviation of response) in over 90% of those cases in which there 
was a difference between the second and third iterations (see Case Study 4. Assessment of the Evaluation). 
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The Ratio-scoring Procedure 
After each panelist has the list of impacts rank-ordered, he undertakes a ratio-scoring 
procedure which differs from the one previously described (see A Technique for Scaling Impacts 
in Chapter 4). This procedure, which is concerned with determining just how much more 
important one impact is when compared to another (i.e., indicating the "interval", in terms of 
"importance", between them), permits scaling from a reference point which is thought to 
constitute an acceptable common point of origin. This means that, after normalizing scores to 
resolve the problem of variable scale units, it is possible to aggregate the judgments of all the 
panelists to obtain a group measurement of the relative significance of all the impacts. The 
procedure is thus designed to overcome the problems of subjective scale units and subjective 
origins (see The Problem of Scaling Subjective Value Judgments in Appendix C). 
Resolving the Problem of Subjective Origins 
The incommensurability problem can be resolved by adopting a procedure for scaling 
subjective value judgments and organizing these judgments in a common, intellectual 
framework. The problem of variable scale units can be resolved by normalizing scores obtained 
from the application of some fractionation technique (ratio scoring). This simply involves 
converting each individual's scores to percentage values so they can be aggregated. But if each 
person's scale is related to a different base the measurements cannot be aggregated without 
distortion. 
The establishment of an acceptable common p9int of origin is therefore essential if the data 
from subjective value judgments by two or more individuals are to be combined in a group 
judgment that is valid (i.e., accurately reflects the proportional values assigned by each 
individual). Although frequently assumed, there is no way to establish "common ground" at the 
upper end of the scale but Edwards (1977:272) points out that less distortion in the aggregation 
of individual scores will occur if scaling is done from the "least important" item. 
This suggests that by asking each individual to first consider comparatively trivial impacts, 
the group could effectively establish a common point of origin for scaling other impacts. If each 
individual identifies the lowest-ranked impact which is above his "threshold of significance", 
i.e., the point above which valuation becomes meaningful, then the "threshold impact" - the 
first impact to cross the threshold of significance - may be regarded as the psychological 
equivalent of a zero point, so that a more objective measurement scale can be derived. 
The major difficulty with this suggestion is that there is no way to determine just how near 
the "threshold impact" is to the threshold itself. For example, if for one panelist the first impact 
to cross the threshold of significance has a level of significance that is only slightly above the 
threshold, while for a second panelist the first impact to have any significance is far above .the 
threshold, then when their scale values are aggregated the result will obviously not be an 
accurate reflection of their combined valuation (and the second panelist may feel quite 
frustrated). 
This problem cannot be completely resolved, but a partial solution would be to ensure that a 
number of relatively minor impacts are included for evaluation to increase the likelihood that the 
"threshold impact" is in fact always near the threshold of significance. While this will still not 
provide a precise way of obtaining a group measurement of the significance of impacts (since 
there is no way to determine the exact distance the first impact is from the threshold in each 
case), it is maintained that the psychological distance will normally not vary greatly between 
individuals (particularly if there are many impacts that are likely to be just above the threshold 
of significance), so that the first impact above the threshold can be regarded as constituting a 
reasonable approximation of a common point of origin. 
Another difficulty with the "threshold of significance" concept is that the threshold for 
different lists (e.g., a list of costs and a list of benefits) could conceivably vary a great deal, 
particularly if one list is much shorter than the other. Then it may not be possible to aggregate 
group scores given to a list of costs with those given to a list of benefits in order to determine 
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whether a proposal's benefits outweigh its costs. A possible solution to this problem is to ask 
panelists to select one cost and one benefit which are basically equivalent in terms of 
significance, and then scale the shorter list in relation to the longer by adjusting the ratio scores 
of the former in accordance with the linking score which has been assigned. 
Mechanics of the Ratio-scoring Procedure 
The ratio-scor.ing procedure that is to be used to evaluate the relative significance of a list of 
impacts is based on a procedure described in Edwards (1977). In the following description of the 
recommended ratio-scoring procedure, reference will be made to an example (see Figure 5.1) to 
illustrate the various steps in the procedure. 
• Each panelist refers to the list of impacts which he has rank-ordered from most to least 
important, using a 7-point scale. Each panelist first reviews the lowest-ranking impacts on 
his list and places an "x" next to those which, in his judgment, have no teal significance to 
society.4 
• The panelist will eventually identify the lowest-ranked impact which has at least some 
significance, and assigns this impact a weight of "10" (Impact Fin Figure 5.1). (All impacts 
below this one have no weight.) This impact is now c'alled the "threshold impact" and it will 
be used as the standard against which the significance of all impacts ranked above it will be 
compared. 
• The panelist then gives a weight to the next most important impact which indicates the ratio 
of its importance to the threshold impact. For example, if it is regarded as twice as 
important as the threshold impact, it gets a weight of "20". 
• The relative importance of the next impact up on the list is then evaluated against the 
threshold impact and a weight assigned which expresses its relative importance as a ratio. 
For example, if it is three times as important as the threshold impact, it receives a weight of 
"30". 
• The panelist then makes a consistency check to ensure that the resulting ratio of importance 
between the impacts evaluated thus far are reasonable. In the example used, the third 
impact should be half again as important as the second (30 to 20). If this ratio does not seem 
reasonable, the impact weightings must be revised until all the ratios are acceptable. 
• The procedure continues, each panelist weighting all impacts against the threshold impact 
and making continuous consistency checks, until all impacts have been weighted and their 
relative importance is judged to be reasonable and consistent. 
After the ratio-scoring procedure has been completed, the impact weights of each panelist 
are summed, individual weights divided by the sum, and each result multiplied by 100 to convert 
scores to a percentage scale. Then the percentage scores of all individuals for each impact are 
summed, and the total divided by the number of individuals, to obtain a group score or weighting 
for each impact. The relative significance of the impacts, as judged by the group as a whole, is 
thus determined. Table 5.1 illustrates how individual scores are normalized and aggregated to 
produce a group score. 
While obviously not perfectly accurate or reliable, this procedure largely resolves the 
problems of subjective origins and subjective scale units. Standard origins are achieved by 
relating all measurements to a "threshold of significance", a reasonable psychological datum 
point for subjective value judgments, assuming that a sufficient number 
4 Panelists are asked to base their judgments on what they assume members of present-day society would feel if 
they had perfect information on the human condition and were operating from behind a Rawlsian "veil of 
ignorance" (Daly, 1987; Kneese and Schultz, 1985; Page; 1977). 
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FIGURE 5.1 Illustration of the Ratio-scoring Procedure 
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of relatively minor impacts are presented that fall around this datum point for a number of 
people. Uniform scale units are obtained by simply normalizing scores, which preserves ratio 
properties but standardizes their expression. The result is that the subjective measurements of 
several individuals can be combined without excessive distortion to obtain a useful group 
judgment as to the relative significance of a list of impacts. 
TABLES.1 
Normalizing Group Scores: A Worked Example 
Step I: Individual Weighting 
PANELIST P PANELIST Q PANELIST R 
IMPACT IMPACT NORMALIZED IMPACT NORMALIZED IMPACT NORMALIZED 
LETTER WEIGHT SCORE(%) WEIGHT SCORE(%) WEIGHT SCORE(%) 
A 500 64,9 10 7,7 150 25.5 
B 160 20,8 10 7.7 60 10,6 
c 80 10.4 20 15.4 300 53,1 
D 20 2,6 35 26,9 30 5,3 
E 10 1,3 30 23,1 15 2,7 
F 0 0,0 25 19.2 10 1.8 
TOTAL 770 100,0% 130 100,0% 565 100,0% , 
Step II: Group Weighting 
IMPACT 
A B c D E F TOTAL 
PANELIST 
p 64,9 20,8 10.4 2,6 1,3 0,0 100 
Q 7,7 7,7 15.4 26,9 23,1 19,2 100 
R 26.5 10,6 53,l 5,3 2.7 1,8 100 
TOTAL 99.1 39,l 78,9 34,8 27,1 21.0 300 
GROUP AVERAGE 
WEIGHTING 33 13 26 12 9 7 100 
(%) 
The measurements provided by the Significance Measurement Technique will of course fail 
to meet the exacting standards commonly found in the natural sciences (e.g., physics). 
Nevertheless, they may still be considered to represent an improvement over existing approaches 
to evaluating subjective data, and therefore have great practical value in making improved 
resource allocation decisions. No scaling technique can ever be regarded as completely accurate, 
or capable of producing perfectly replicable results. Nevertheless, precision is not essential to 
the task of providing better guidance for resource allocation decisions; the challenge is to devise 
and apply methods which appear to give superior results, and in which all concerned parties have 
considerable confidence. It is suggested that the Significance Measurement Technique 
represents an improvement over the approach that is now commonly taken in evaluating 
controversial resource allocation prop'osals, in which relatively arbitrary judgments are made 
concerning the relative importance of various impacts. It may be "impossible" to sqle impacts 
accurately, but some kind of scaling is always done - whether consciously or unconsciously - and 
so there is a need to find more reliable ways of accomplishing this crucial task. 
In any case, better decisions will result from simply going through a methodical evaluation 
procedure, which forces one to carefully examine the potential significance of major impacts 
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and make explicit judgments as to their relative value. Such a process is bound to give 
practitioners a better feel for the true nature of the trade-offs involved, and provide more 
carefully considered judgments which can be further deliberated by the decision maker or 
become the subject of rational debate by concerned parties, and thus provide a sound basis for 
making more informed and acceptable decisions. An evaluation technique that appears to 
improve group judgments as to the relative significance of unlike goods, and is seen to be capable 
of producing replicable results, will have great value even if it is not possible to claim that values 
have been measured with precision. 
Ways to Use the Results of the Ratio-scoring Procedure 
The ratio-scoring procedure that has just been described can provide the interval measures 
needed to calculate fractional contingency prices as previously explained (see A Proposal for 
Resolving the Measurement Problem in Chapter 4). For example, assume that the excess 
monetary value of Plan A over Plan B is R15m, but there are ten unpriced adverse impacts 
associated with Plan A (all or some of which may be foregone opportunities associated with Plan 
B). In addition, assume that there are no unpriced adverse impacts associated with Plan B. 
Assume further that the significance of each of Plan A's ten impacts has been judged rel~tive tp 
each of the others, and it is determined that one of these, Impact X, constitutes 20% of the total 
impact of all ten taken together. Finally, assume that a reliable shadow price has been 
determined for Impact X, and this amounts to R4m. 
Then, even though one does not have shadow prices for the other nine impacts, it is possible 
to determine whether Plan A is more efficient than Plan B. Assuming that the relative values of 
the ten impacts have been calculated correctly, the proportion of the contingency price that can 
be ascribed to Impact Xis R3m (R15m x 20%). This means that if the value of Impact X is 
judged to be less than R3m, Plan A will be more efficient than Plan B; if it is judged to be greater 
than R3m, Plan B will be more efficient than Plan A. Since the shadow price for Impact X is 
R4m, then Plan B is actually more efficient than Plan A. 
Even if it were not possible to obtain an acceptable shadow price for any of the ten impacts, 
it would still be easier to evaluate the contingency price for a single impact than the contingency 
price for all ten impacts taken together. In this case, one could simply select a particular impact, 
the value of which is relatively easy to conceptualize in monetary terms, and evaluate its 
contingency price for reasonableness. 
The results of the ratio-scoring procedure can be used in other ways to judge the efficiency 
of a proposal. For example, if one of the impacts can be confidently related to a monetary 
value5, it would be possible to calculate the monetary value of each of the other impacts, since 
their relative values have been determined. The total estimated monetary value of the impacts 
could then be added to the present discounted value of the proposal to judge whether the net 
value of the proposal was positive, or whether it was greater than that of another proposal. 
Alternatively, if all the monetizable impacts have been scaled along with the 
nonmonetizable impacts (or if the net present discounted value of the proposal has been 
weighted as one of the impacts), there is no need to calculate fractional contingency prices or 
convert impact weights to monetary values: the efficiency determination can be made directly by 
simply summing the weights assigned to costs and benefits to see whether costs outweigh 
benefits or vice versa. Theoretically, there is no need to use monetary measures in making 
efficiency determinations (Samuelson, 1973:6), and perhaps it is not necessary to attach so much 
importance to estimating monetary values when what is really wanted is a measure of the relative 
significance of outcomes. 
5 This could be done. for example, if one of the impacts is expressed in monetary terms, such as: "The cost of water 
would increase to 30 cents per cubic metre". If water consumption is known, the extra cost of water could be 
calculated to determine a monetary value for this impact. 
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The Need to Demonstrate Reliability 
Of special interest is the question as to whether the judgments produced by the 
recommended ratio-scoring procedure can be demonst~ated to be valid or reliable. Since it is not 
really possible to assess "validity" in matters concerning subjective value judgments (who is to 
say whether a value that is held is "correct" or not?), emphasis in this study was on assessing the 
"reliability" of such judgments by determining whether the judgments of independent groups 
were replicable or not. In three of the case studies in which the Panel Evaluation Method was 
applied, an attempt was made to assess(- the reliability of the Significance Measurement 
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Technique. This was done by having two or more groups conduct independent evaluations, given 
the same information and using the same procedures, and then determining the correlation 
coefficient of weighting scores given to identical lists of impacts. 
The hypothesis that was formulated for testing in these cases was that if two panels are 
asked to evaluate the relative significance of a list of impacts from some action. the group 
judgments of one panel will be highly correlated with that of the other. provided that certain 
conditions are met. The conditions specified as being sufficient (though perhaps not all 
necessary) were as follows: 
• the panels are large enough to encompass a broad spectrum of knowledge and opinion; 
• the panels are similar in that the same basic disciplines are represented on each panel; 
• none of the panelists on either panel have any vested interest in the issue which is being 
evaluated; 
• both panels have an opportunity to study the proposal and visit the area that will be 
affected; 
• panelists on both panels are given an opportunity to add to the list of impacts, and redefine 
impacts, until everyone is agreed as to the identity and definition of potential impacts; 
• both panels are provided with the same data (environmental reports) pertaining to the 
impacts; 
• both panels follow the same procedure for "scaling" or judging the relative significance of 
impacts; and 
• the procedure for scaling impacts involves several iterations of evaluation, with anonymous 
debate and controlled feedback between iterations, to encourage a thorough, rigorous and 
unemotional evaluation. 
Application of Selection Criteria 
The "Criteria Trade-off Technique" is used to accomplish this objective.6 This technique is 
applied after the Significance Measurement Technique has been completed, usually immediately 
after the ratio-scoring procedure, and is done in the following way. 
Each panelist completes a "personal evaluation statement" using a prescribed format in 
which he systematically compares the proposals in terms of the three evaluation criteria 
(efficiency, equity and sustainability) and identifies the proposal which he considers to be in the 
best overall interests of society. In the course of completing the statement, the reasoning behind 
all judgments is made explicit and clear. 
The personal evaluation statements are intended to indicate how each of the panelists would 
make the decision as to which resource allocation proposal should be selected, and reveal the 
6 For a more detailed description of this technique, see Task 8: Identify the Proposal Which Best Meets the 
Selection Criteria (Efficiency, Equity, Sustainability) (in this chapter). 
104 
principal arguments favouring that decision. Box 5.1 illustrates a recommended format for 
guiding the panelist in preparing a personal evaluation statement. 
BOX5.1 
Procedure for Completing a Personal Evaluation Statement 
Please compare the projects in terms of the following criteria. 
1. EFFICIENCY EFFECTS: 
WHICH PROJECT YIELDS THE GREATER NET BENEFIT TO SOCIETY? 
- Will the benefits outweigh the costs for both projects? 
- Which project will have the greater net benefit? 
- How much greater is the anticipated net benefit of one project compared to that of the 
other project? 
2. EQUITY EFFECTS: 
IS THE DISTRIBUTION OF BENEFITS AND COSTS FAIR FOR BOTH PROJECTS? 
- For each project, which groups will benefit, and which groups will be worse off? 
How significantly will the well-being of each group be affected by each project? 
- Is it likely that those who bear significant costs from either project will be adequately 
compensated? 
3. INTERGENERATIONAL EFFECTS: 
HOW WILL EACH PROJECT AFFECT THE WELL-BEING OF FUTURE 
GENERATIONS? 
- Should the well-being of future generations be taken into consideration? 
- Which project would future generations prefer? 
- How important are any special risks, irreversible costs, or suspected secondary impacts 
arising from either project, likely to be for future levels of well-being? 
4. TRADE-OFF OF CRITERIA: 
WHICH PROJECT IS IN THE BEST INTERESTS OF SOCIETY? 
- Which project should be selected? 
(Explain answer in terms of the three evaluation criteria which you have just applied above.) 
The purpose of the formal, written evaluation statement is to ensure that the panelist 
arrives at the judgments which are required in a systematic manner, and to clearly indicate to the 
decision maker and other readers the values and logic that support these judgments. There are 
four steps in completing the personal evaluation statement. 
• First, a judgment is made as to whether a given proposal is truly efficient or not (after 
unpriced impacts are considered), and whether it is more or less efficient than a competing 
proposal. (This judgment will obviously be made easier if the panelist has previously 
evaluated the proposals using the Significance Measurement Technique.) A short written 
statement (perhaps one paragraph) is to be prepared which clearly states the reasoning 
behind this judgment. 
• Then the panelist considers the distributional consequences of the proposals, and judges 
how fair or equitable these consequences would be. This is done by systematically 
identifying the groups that will be differently affected by the proposals, then indicating in 
another short statement how these groups will be affected, how significant the effects are 
likely to be, and whether inequities can or are likely to be rectified. 
• Next the panelist considers the intergenerational effects of the proposals, and again writes a 
brief analysis of the implications for future generations; this would include a declaration as 
to whether the panelist feels that the well-being of future generations should even be 
considered, and if so how important the impacts are likely to be to future generations, and 
how seriously this situation should be regarded by the present population. 
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• Finally, the panelist evaluates the overall performance of the proposals in terms of these 
three criteria, and writes a concluding statement which names the pref erred proposal and 
explains how trade-offs between the criteria were made in arriving at this recommendation. 
If more than two proposals are being evaluated the problem of trading-off criteria can be 
greatly compounded. For example, it is possible that different proposals will be judged superior 
for each of the three evaluation criteria. In this case, it may be desirable to employ a more 
formal or structured approach to identifying the -proposal which best satisfies all three 
evaluation criteria; such an approach is presented in Box 5.2 and Figure 5.2.7 
BOX5.2 
Example of the Recommended Trade-off Procedure 
Assume that the evaluation criteria have been applied to three proposals with the following 
results: 
• Proposal!! is the most efficient (i.e., has the highest net benefit); 
• Proposal A is the most equitable (i.e., has the fairest.distribution of costs and 
benefits); and 
• Proposal~ is the most sustainable (i.e., has the most favourable intergenerational 
consequences). 
Then the three criteria may be traded-off using the following process of elimination. (Reference 
should be made to Figure 5.2 which illustrates the procedure.) 
The efficiency /equity trade-offs will normally be made first because for most decision-makers 
the welfare of present generations comes first. The outcome of that decision will then determine 
the nature of the second trade-off, which concerns the interests of future generations. 
In the example given, if B is preferred to A (because the efficiency gain of B is considered to 
outweigh the equity gain of A), then an efficiency /intergenerational trade-off must be made 
between B and C. Then if the efficiency gain of B outweighs the benefits of C to future 
generations, B will be selected. However, if the gain to future generations offered by C 
outweighs the efficiency gain of B, then C will be selected. 
By the same token, if A is preferred to B during the efficiency /equity trade-off (because the 
distributional consequences of A had been judged to be more advantageous than the efficiency of 
B), it would then be necessary to choose between A and C. In this case, if the equity gain of A is 
thought to be more important than the welfare gain to future generations offered by C, then A 
would be selected. Alternately if benefits to future generations offered by Care thought to 
outweigh the equity improvement offered by A, then C would be selected. 
This section has presented a brief description of the three principal techniques associated 
with the Panel Evaluation Method. The next section presents a discussion, illustrated by a case 
study, of each of the nine tasks that the method has been designed to accomplish. 
THE EVALUATION TASKS 
The Panel Evaluation Method consists of a series of prescribed tasks for conducting a 
formal evaluation. This section explains how each task is to be accomplished, and illustrates 
each task with an example from a case study .8 
7 Although there are many other ways to approach multiple criteria decision making that are more sophisticated 
and may be more satisfying to the theoretician (see Appendix D), these may not always be regarded as 
appropriate in the relatively unsophisticated decision making environment in many areas in South Africa and 
other parts of the Third World. 
8 After the description of each task, the relevant case study material will appear in a different type face. 
ASSUME-
Plan B is most Efficient 
Plan A is most £.qui table 
Plan C is most Sustainable 
THE QUESTION IS-
Which Plan is Best ? 
EFFICIENCY /EQUITY TRADE-OFF 
I 
efficiency gain > 
equity gain 
i 
(PLAN B vs. PLAN A) 
equity gain> 
EFFICIENCY/ INTERGENERATIONAL 
efficienr gain 
EQUITY/ INTERGENERATIONAL 
I 
efficiency gain> 
intergrationa1 gain 
Most Efficient 
Plan (8) Selected 
(PLAN B vs. PLAN C) 
I I 
(PLAN A vs. PLAN C) 
intergenerational gain> equity gain > 
efficiency gain • Iergenerational gain 
Most Sustainable 
Plan (C) Selected 
FIGURE 5.2 
Most Equitable 
Plan (A) Selected 
Trade-off Diagram 
intergenerational gain> 
equity gain 
Most Sustainable 
Plan (() Selected 
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The research effort that is required to accomplish each task will obviously vary from case to 
case. In order to adequately explain the full array of procedures that comprise the method, the 
following discussion will proceed on the assumption that the consequences of a decision are 
important enough to justify a substantial expenditure of time and money in applying the method. 
The first application of the Panel Evaluation Method was an evaluation of two competing 
and controversial proposals for the Rietvlei-Milnerton Lagoon area near Cape Town. During 
the course of this study, a decision in favour of one of the proposals was made and the study was 
no longer needed for its original purpose. It was, however, decided to complete the study in 
order to demonstrate the major features of the Panel Evaluation Method. Because there was no 
longer any need or justification for expensive data collection efforts, an impact report th.at was in 
preparation for the Delphi panelists was not completed. Nevertheless, all of the other steps of 
the general procedure were completed. 
In order to test the replicability of the Panel Evaluation Method, the Delphi panel was 
divided into two groups which separately evaluated the proposals using the same procedures and 
data. The results of this test are presented at the conclusion of this section. 
Task 1: Define the Terms of Reference and Devise a Study Plan 
The first task for the project coordinator is to determine the scope of the study and the 
boundaries of analysis, and then to devise an effective study plan. The study area must first be 
delineated, and the scope of the study clearly defined, in consultation with proponents of the 
various proposals and with decision makers. 
The Terms of Reference 
The project coordinator will usually be given some sort of brief which indicates the general 
area to be studied, the nature of the proposals under consideration, persons who should be 
consulted, the resources available for the study, and any legal, financial, or policy constraints 
··,::..~ which may exist. Very often the party initiating the study will not have formed a clear idea of 
precisely what is wanted, and so will not have adequately conceptualized the scope of the study 
or the terms of reference. The initial brief may therefore require considerable clarification, and 
may also require substantial modification before the study begins. In addition, the general terms 
of reference could very well change during the course of the study, as a result of obtaining new 
information or the development of new circumstances. 
The brief may either specify that certain proposals be evaluated, or that a general resource 
management plan be devised for the area in question. Detailed descriptions of proposals will 
normally not be immediately available, but proponents of the proposals should be consulted at 
an early stage to gain a good understanding of the possible actions involved and the motivation 
behind them. This will facilitate good study design, and ensure that investigations will be 
relevant. In the case of resource management plans, the general options which appear to be 
available should be listed and possible conflicts identified. 
The principal figures who should be consulted initially are persons who are motivating for 
some action (e.g., "developers" or some local authority), and persons who have been entrusted 
with some responsibility for management of the area (e.g., the relevant government officials). 
This is necessary in order to attain a better understanding of what is wanted by the parties 
initiating the study, and of what is possible according to the regulating authorities. All 
authorities with some jurisdiction should be asked to indicate any constraints which could affect 
existing or potential proposals, or otherwise restrict the scope of the study. It is advisable to 
have several exploratory discussions with proponents and relevant officials before the 
boundaries of analysis are delineated in order to ensure that the scope of the study and the terms 
of reference are clearly understood and acceptable. 
Unfortunately, because the ultimate "decision makers" are often busy people with little time 
or inclination to talk to researchers, the project coordinator will usually have limited access to 
these key figures and it may therefore be difficult to clearly define the proposals and to assess 
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what will be considered possible or acceptable. Nevertheless, considerable effort should be 
given to engaging the interest of these influential persons, securing their cooperation and 
general approval of the study, and cultivating a good working relationship with them and their 
staffs. 
It is also desirable to consult with representatives of some of the affected parties at this 
early stage in order to acquire a better understanding of the possible conflicts that could arise, 
and possible compromise solutions to these conflicts. Persons to be consulted on the proposals 
(and possible alternatives) would include community leaders, respected officials, representatives 
from all affected parties, and experts from relevant disciplines. Because the decision maker will 
probably have little time to personally investigate or fully consider the various options and all the 
ramifications from any action, the project coordinator has a special responsibility to hear as 
many points of view and obtain as much data as possible, and then present these in a balanced 
and coherent way. 
The study area should be tentatively defined - with the aid of proponents, authorities and 
others familiar with the general region - by reference to geographical features, ecological 
characteristics, and socioeconomic considerations, with particular attention to the latter (since 
the ultimate object of the analysis is to evaluate the effect of alternative proposals on social well-
being). The boundaries of analysis may require redefining when specific opportunities or 
problems are identified, and it should be anticipated that special analyses of regional, national, 
and even international implications may be necessary. This will normally involve simply 
extending the boundaries of analysis as required to ensure that all relevant considerations are 
fully assessed, but there should be a principal "study area" on which the analysis remains focused. 
The resources available for the study will normally be specified by the organisation 
commissioning the study. The project coordinator should obtain a clear, written statement as to 
the study objectives, general terms of reference, financial and material support, staffing 
arrangements, time allowed for t~e _study, and any special conditions which have been stipulated. 
This written statement will serve to ensure that investigations are always relevant and that there · 
will be no misunderstandings as to the resources or time available and what is expected !n the 
final report. 
The project coordinator should then familiarize himself with all supporting facilities which 
are to be made available before he drafts a general study plan. A provisional budget and 
timetable should be prepared as soon as possible and reviewed with the initiating authority to 
assess whether the resources provided and the time allowed appear to be adequate. 
Finally, an official memorandum should then be transmitted to the principal parties 
formally stating the scope of the study, the boundaries of analysis, and the general tasks to be 
undertaken, to ensure that all concerned parties are in agreement as to what the objectives are, 
what specific area is of interest, and how the study will be conducted. 
The Study Plan 
After examining the study area and undertaking a brief investigation of the present and 
potential uses of the area's resources, a detailed study plan is prepared. Data collection and 
assessment techniques need to be selected, research staff appointed and briefed, and budget and 
timetable finalized. The study plan will outline the general nature of the specific investigations 
to be conducted. These investigations are scaled to suit the probable importance of the resource 
allocation decision and the availability of time, money and manpower to the researchers. The 
level of investigation required is to be governed by the project coordinator's perception of the 
following conditions: 
• the degree of definition or certainty pertaining to the proposed actions; 
• the possible social significance of the outcomes; 
• the availability of reliable data; 
_; 
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• the cost of data acquisition; 
• the resources available; and 
• the degree of detail and refinement needed for evaluating alternatives. 
Emphasis will usually be on assessing the implications of alternatives that have already been 
identified and are being seriously considered by resource owners or managing authorities, but an 
attempt should also be made to identify new alternatives and suggest how the initial proposals 
can be improved. 
The study plan should be flexible in order to cope with unforeseen contingencies. 
Implementation of specific elements of the plan will depend on circumstances as they develop. It 
is not always possible to specify all the actions, or clearly define the nature of each action, in the 
early planning stages of a proposal. There are generally great uncertainties associated with the 
original proposals, so that proposals tend to evolve as they progress, and are of ten substantially 
modified as new information or technology becomes available. In addition, the potential effects 
of a proposal that has been modified only slightly may differ dramatically from those of the 
original proposal. If the impacts and their magnitude are likely to require reassessment because 
of project design changes, then expensive and time-consuming assessment and evaluation 
techniques may be impractical. In these cases, the study plan should outline a flexible, "layered" 
approach to the investigation, incorporating a range of possible techniques for gathering and 
assessing data, and to be implemented or not according to the circumstances that arise. 
The Rietvlei Case Study: The General Terms of Reference and the Study Plan 
The Terms of Reference 
In early 1982, the Cape Department of Nature and Environmental Conservation 
was investigating the desirability of proclaiming a vlei-lagoon system in the 
Milnerton area north of Cape Town as a "nature area" to preserve iti recreation, 
conservation, and education potential. This area, known as Rietvlei (see Appendix 
CC), was owned by Milnerton Estates, which had plans to develop the area into an 
inland marina and was seeking zoning approval for this development. In June 1982, 
officials from the Department of Environment Affairs and the Estuarine and Coastal 
Research Unit of the National Research Institute of Oceanology suggested that the 
School of Environmental Studies at the University of Cape Town undertake an 
environmental evaluation of these two general proposals. 
After a familiarization visit to the Rietvlei area and preliminary discussions with 
officials from the Cape Department of Nature and Environmental Conservation and 
Milnerton Estates, the project coordinator arranged meetings with officials from the 
Department of Environment Affairs and the Estuarine and Coastal Research Unit to 
determine the specific objectives of the study and to obtain background information 
for planning the study. Since senior officials of both Milnerton Estates and the Cape 
Department of Nature and Environmental Conservation stated adamantly that they 
had no interest in reaching some form of accommodation, and the proposals 
appeared to be mutually exclusive, it was decided that efforts to find a compromise 
solution would be futile. The proponents were therefore asked to each develop a 
pref erred version of their preliminary plan and submit it for a comparative 
evaluation. 
The major purpose of the study, it was decided, was to recommend which of these 
two proposals would be in the best interests of society, and it was suggested that the 
best way to do this would be to fore cast the effects of each proposal and then 
determine the relative social value of these effects. When questioned as to the 
meaning of "society", officials with the Department of Environment Affairs 
indicated that the principal populations of concern were the residents of Cape Town 
L 
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and other communities in the Cape Peninsula area, although it was recognized that 
the community of Milnerton would be most directly affected. In addition, certain 
features of the area were of national and even international interest; for example, the 
vlei-lagoon system had the only golf links in the country, and the wetlands were 
considered an important habitat for water birds that migrate from the northern 
hemisphere. Finally, future populations of the greater Cape Town area had to be 
considered, particularly since the vlei-lagoon system was unique in the region and 
constituted one of the few large, completely undeveloped areas remaining in 
metropolitan Cape Town. 
Further meetings were then held with officials from the Cape Provincial 
Department of Nature and Environmental Conservation and Milnerton Estates to 
enlist their cooperation and obtain more information for planning the study. It was 
noted that the Cape Provincial Department of Nature and Environmental 
Conservation had done very little planning beyond the general conceptualization 
stage, while Milnerton Estates had already completed engineering feasibility studies 
and a financial viability study of several possible marina development schemes. The 
extent of Milnerton Estates property holdings in the area, and the exact area of 
interest to the Cape Provincial Department of Nature and Environmental 
Conservation for inclusion in the nature area, was determined during these meetings. 
The initial brief by the Department of Environment Affairs and the Estuarine and 
Coastal Research Unit had indicated that only Rietvlei itself would be affected by 
these proposals, but discussions with the proponents indicated that Milnerton 
Lagoon and the mouth of the Diep River would also be involved (see Appendix CC). 
Several other persons were then consulted who were in a position to provide 
inf or mat ion pertaining to the study. These included the City Engineer for 
Milnerton; a civil engineer with the engineering firm that had conducted the 
feasibility studies for Milnerton Estates; a planner/consultant who had done the 
financial viability studies for Milnerton Estates; an estuarine ecologist who had 
done several studies of the vlei-lagoon system; an ornithologist familiar with the 
area; and the Director of Metropolitan Planning. Several reports from past studies 
were obtained from the above sources. 
The responsible authorities were asked to indicate any specific legal, financial, 
or policy constraints which could affect either of the preliminary proposals, or any 
variations of these proposals, or any aspect of the study as en visaged, and none was 
indicated. The Department of Environment Affairs agreed to provide R22,000 to 
finance the evaluation study over a one-year period. The study was to be conducted 
under the auspices of the Estuarine and Coastal Research Unit, but office, 
secretarial, and other facilities were to be provided by the School of Environmental 
Studies at the University of Cape Town. A provisional timetable and budget were 
prepared by the project coordinator, and although these were accepted, all parties 
agreed that the time allowed and the financial resources provided appeared to be 
inadequate. Of particular concern was the fact that it would not be possible to 
produce an adequate Class 1 Environmental Impact Assessment with the available 
resources (see Appendix Hf or a discussion of Class 1 assessments). 
Nonetheless, it was decided to pursue the study with the limited resources 
available and rely on secondary data and inexpensive data-gathering techniques. 
After considerable discussion, the sponsoring authorities agreed that if at the end of 
the study period it was decided that insufficient data had been collected to permit a 
satisfactory evaluation, application could then be made for further funds and an 
extension of the study period. It was anticipated that this would indeed be possible, 
but if funds were not available, then the study would be used to simply demonstrate 
and refine the general Delphi evaluation procedure. A memorandum was then 
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drafted and signed by the project coordinator which outlined his understanding of 
the objectives of the study, the support that would be provided, the boundaries of the 
analysis, the nature and timing of reports, and other details of the agreement. 
The Study Plan 
Preliminary investigations revealed that a considerable amount of secondary data 
pertaining to Rietvlei was readily available since several conservation organisations 
and university departments had undertaken studies of the vlei-lagoon system over the 
past several years. In addition, several studies had been done on the technical and 
financial viability of the marina project proposal, but these studies were nearly 10 
years old and some of the material would require updating. Unfortunately, very little 
work had been done on planning the nature area proposal, apart from establishing the 
proposed boundaries and developing guidelines for how the area would be managed. 
Since limited time, money and manpower were available to collect primary data, 
it was decided to concentrate on collecting secondary data, and then designing low-
cost primary studies if these were deemed absolutely necessary. The Panel 
Evaluation Met hod is designed to be adaptable to all levels of research needs and 
available resources, and a major objective of the study was now to see whether two 
panels could produce replicable results and feel satisfied with the quality of their 
judgments without receiving a proper Class 1 impact report on the proposals. 
The general approach adopted for data collection was to interview persons who 
had special knowledge or expertise related to the area or to the two proposals, and to 
gather all published and unpublished reports and other documents which were 
considered relevant. Then, if further studies were required, these could be designed 
and undertaken by supervised students. The type of studies envisioned included 
investigations of the conservation needs of the western Cape, the recreational needs 
and desire.~ of metropolitan residents, assessments of the amenity value of the vlei-
., lagoon, more accurate measurements of the ecological productivity of the area, and 
estimates of the possible magnitude of specific impacts associated with the projects 
(e.g., noise, loss of bird habitat, and potential flood damage). 
The formal study plan consisted of the following steps: 
• Review the literature pertaining to environmental impact assessment and 
evaluation methodologies. 
• Go on familiarization visits to the study area, making notes of personal 
observations and listing further data needs. 
• Gather and review all available background documents (including maps, aerial 
photos, historical records, reports, engineering notes, and minutes of meetings). 
• Compile a list of interested, knowledgeable or concerned parties with whom to 
consult, and then interview these people. 
• Investigate, in consultation with the proponents, the possibility of redesigning 
the preliminary proposals to find more acceptable alternatives for consideration 
(perhaps even a mutually-acceptable proposal), and devise a procedure for 
selecting the "final proposals" (those proposals which would be subjected to a 
detailed evaluation). 
• Select a panel of evaluators to assist in identifying and defining impacts 
associated with the final proposals (and later to evaluate the relative significance 
of each proposal's impacts and to recommend which proposal would be in the 
best interests of society as a whole). 
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• As resources permit, conduct special studies in(o the impacts of each project and 
issue an impact report for the edification of panelists and other interested 
parties. 
• Convene a Delphi meeting to undertake a formal evaluation of the projects and 
make recommendations. 
• Issue an Environmental Evaluation Report. 
Task 2: Describe the Study Area 
The study area should be formally described in order to attain a more intimate knowledge of 
its principal features, gain familiarity with the existing situation, determine the availability of 
existing data, and discover possible problems or opportunities which bear investigating. This will 
improve the prospects that subsequent investigations will be relevant and that potential solutions 
to problems will be discovered. 
, Description of the study area· should be based on personal observations, discussions with 
knowledgeable persons, and an investigation of secondary sources. The resulting document, 
which should be illustrated with photographs, maps, and drawings, will serve as a convenient 
reference source during the course of the study, can be used to quickly brief others participating 
in the study, and will be needed in the final report to "set the scene". 
The study area can be described in a formal report that can be used as a briefing document 
for Delphi panelists, using the following format: 
• name of area; 
• location in relation to well·known features (preferably illustrated with maps or drawings); 
• general description (shape, extent, etc.) and precise boundaries; 
• nature of surrounding area; 
• land ownership; 
• present character and uses; and 
• general considerations. 
The study area report will be used to guide further investigations and to brief participants in 
these investigations. 
The Rietvlei Case Study: The Study Area 
After making several visits to the Rietvlei area, reviewing reports and other 
documents, and holding discussions with long-time residents and other persons who 
were intimately familiar with or had intensively studied the vlei and lagoon, a brief 
·description of the study area was compiled as background information for those 
persons who would be involved in the study or interested in its outcome. The study 
area description was eventually summarized on a single page and, along with two 
aerial photographs of the area, included in the briefing document. A reprint of this 
document, which also included descriptions of the study and the proposals, is found 
in Appendix CC. 
Task 3: Determine Which Proposals Will Be Fully Evaluated 
The objective of this task is to ensure that all alternatives for meeting the purpose and need 
of the proposal(s), as well as competing uses of the area's resources, are identified and 
adequately considered, and to select and define the "final proposals" - those proposals which 
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appear to be of greatest interest and which will be subjected to the Impact Identification 
Technique and Significance Measurement Technique. This task is accomplished in two distinct 
steps: 
• generating alternative proposals for consideration, and 
• selecting those alternatives which are to be subjected to the Delphi evaluation. 
The number of possible resource allocation proposals could be very high. It is obviously not 
practical to conduct a thorough evaluation of each possible proposal, and so it is necessary to 
adopt a procedure for selecting two or three proposals which will be subjected to the full 
evaluation procedure. This search for alternatives may sometimes result in the discovery of a 
compromise proposal which is acceptable to all concerned parties, in which case a formal 
evaluation procedure will not be required. If, however, different interest groups still favour 
alternatives which are mutually exclusive and no accommodation is possible, the proponents of 
incompatible proposals can be asked to submit a single variation of their favoured preliminary 
proposal to be subjected to the full evaluation process. 
In order to facilitate discussion of possible alternatives, it is important that the goals and 
constraints of the evaluation have been clearly stated at an early stage, and that the three 
evaluation criteria (see Defining Evaluation Criteria in Chapter 4) are fully considered when 
generating alternative proposals and selecting final proposals: 
• is the proposal efficient (will benefits outweigh costs)?; 
• is the proposal equitable (will costs and benefits be distributed fairly)?; and 
• is the proposal sustainable (will benefits continue to exceed costs for future generations)? 
The generation and selection of alternatives to be evaluated should be a dynamic, iterative 
process that.e~ploys techniques and procedures which will stimulate ideas, promote cross-
fertilization and understanding, and encourage consensus on what the issues are and how they 
might be resolved. The object of the process is to define problems and opportunities, identify 
data needs, and explore possibilities for compromise. 
The process begins, according to the general Integrated Environmental Management 
procedure (see The Concept of Integrated Environmental Management in Chapter 4 and 
Appendix H), with discussions between the proponent of some action and the authority 
responsible for granting approval for the action to be implemented. If the action is likely to be 
controversial, the proponent should initiate discussions with potentially affected or concerned 
parties in the proposal generation stage, i.e., before developing a specific version of the 
proposed action that will be submitted for assessment. This search for potential mitigation 
measures and alternative proposals continues and becomes more formalized, systematic and 
focussed in the assessment stage of Integrated Environmental Management through the scoping 
procedure: scoping makes it possible for all concerned parties to participate in identifying the 
environmental considerations that need to be addressed, focus on the significant issues that are 
involved, and identify realistic suggestions for solving problems, meeting needs, and resolving 
conflicts. · 
In order to identify a comprehensive range of resource allocation options, it is vitally 
important to ensure that all affected and interested parties, as well as experts from relevant 
disciplines, have an opportunity to contribute. A systematic search for these persons should be 
initiated at the outset, and consultations held with as many persons as possible, on an informal 
basis initially (in order to explore a wide range of possibilities), and then later on a more formal 
basis (in order to obtain and accurately record specific suggestions). Records should be kept of 
conversations and meetings in case clarification is subsequently needed or disputes arise 
concerning sources of information or ideas. 
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A general difficulty is that certain key parties may be too busy to participate in the process 
of generating and selecting alternative proposals for formal evaluation. In addition, some 
parties with special vested interests may be reluctant to disclose information, or may distort 
information, in order to mislead or confuse others. Reliability checks and corroborating 
testimony will serve to partially alleviate these difficulties. In some cases, special investigations 
of disputed issues may be warranted. Scoping can reduce the level of conflict and disagreement 
that surrounds controversial projects by bringing concerned parties together as early as possible 
in the assessment stage. With a sensitive, neutral facilitator guiding the scoping process, new 
perspectives can be gained and parties can of ten reach consensus on the facts pertaining to many 
of the significant issues. Sometimes there may even be unanimous agreement on a proposal 
which incorporates mitigating measures that satisfy major objectors. 
A more detailed discussion of the two phases of this task is presented in what follows. 
Generating Alternatives for Consideration 
The first phase of this task is to generate viable alternatives. There is no universally 
acceptable procedure for formulating alternatives. Ideally the general approach would be to 
identify all potential land-uses within the study area and then design feasible resource allocation 
proposals for· each land-use, but research resources are normally limited and it is necessary to 
adopt some procedure for identifying the most promising land-uses and plans. 
The most reasonable approach might be to start with the proposals which are most 
acceptable to the land owner or responsible authority, and then conduct preliminary 
investigations to determine the potential impacts of these proposals. Then suggestions can be 
made as to how these proposals (or preliminary plans) can be modified to mitigate adverse 
impacts and enhance beneficial impacts, and so develop variations of the preliminary proposals 
that might be more acceptable to all concerned parties. Through consultations with the owner or 
authority, other affected parties, and a multidisciplinary group of experts, a number of 
preliminary proposals and variations to the preliminary proposals can be. identified and 
investigated. This iterative process is intended to suggest possibilities for compromise and 
accommodation, and improve the general acceptability of the proposals. 
In order to promote cooperation and greater understanding, all interested parties should be 
given ample opportunity to comment on preliminary proposals or variations of these proposals. 
Feedback on proposal acceptability is imp_ortant to the process of generating alternatives and 
should be formalized (for example, committees could be formed to discuss competing 
proposals). Plan proposers should liaise and interact with critics in a way which will enhance 
information transfer and reduce potential conflict. Proposers can then obtain specific objections 
to a proposal (so that they can anticipate problems and devise solutions that will pre-empt 
these), as well as useful suggestions as to how to improve the proposal (so that it will be more 
acceptable to other parties). Considerable time and effort should be devoted to the exchange of 
ideas and information in a congenial and stimulating atmosphere - this will improve the 
prospects of formulating a list of alternative proposals which are few in number and high in 
quality, and may even result in selection of a proposal which is acceptable to all parties, thus 
obviating the need for a formal evaluation. 
In addition to proposals put forward by the various interested parties, there are three basic 
proposals which should always be considered: 
• the "status quo alternative" (maintaining the present or existing situation); 
• the "without positive action alternative'' (the most likely situation to develop if no positive 
action is taken); and 
• the "restoration alternative" (returning the area to a more near-natural state). 
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Several group techniques can be used to generate alternative proposals: formal or informal 
committees, discussion groups, brainstorming, and Delphi and Nominal Group Technique 
(Burton, undated). 
Selecting Alternatives for Evaluation 
Once the major alternatives are clearly defined, a few (preferably two or three) are selected 
as final proposals (the most promising variation of each preliminary proposal) to be subjected to 
a detailed evaluation. This is to be accomplished in consultation with affected parties and 
appropriate authorities, using formal or informal techniques for assessing the viability and 
desirability of the various major alternatives. The objective of this phase is to devise a 
compromise proposal if possible, or to at least reduce the number of alternative proposals to 
more manageable proportions in order to permit a formal evaluation to be accomplished at a 
reasonable cost. 
It is possible (though not likely) that all affected parties will agree that one proposal is 
clearly superior to the others and should be adopted. If a compromise proposal is found, then it 
is obviously not necessary to continue with the Panel Evaluation Method but only to conduct 
more informal evaluations in accordance with the general Integrated Environmental 
Management procedure (see Appendix H). Even when there is a lack of such agreement, several 
of the variations of preliminary· proposals might be eliminated by general consensus. 
All surviving variations of each preliminary proposal - henceforth called "final proposals", 
or simply proposals - should be drafted by the project coordinator in consultation with the 
advocates of that proposal, and then presented to opponents of the proposal. This is to ensure 
that all avenues of compromise are fully explored, enhance the prospects of finding a mutually 
acceptable compromise proposal, and identify those proposals which can be dropped from 
further consideration because they will obviously prove to be too unrealistic or unacceptable. 
In the case of especially important resource allocation decisions, it may be desirable to 
initiate special studies to investigate the economic,. environmental, or social implications of 
certain alternatives. Special evaluation and decision making techniques, strch as Overlays, the 
Sondheim Method, Decision Analysis, and Cost-benefit Analysis can be applied as required to 
assess these implications (see Appendix A, Appendix D, and Cost-benefit Analysis in Chapter 3). 
The actual methods and techniques employed, and the breadth and depth of the evaluation or 
analysis, will depend on the significance of the proposal (to the proposer and to society at large), 
technical considerations and the resources available. 
When all these consultations and investigations have been completed, each proposer will 
select one variation of his proposal to be considered for formal evaluation. Proposers might 
sometimes be persuaded to withdraw proposals which are unlikely to rank high in terms of the 
three evaluation criteria, and to negotiate with other proposers to modify their proposals to 
obtain their support. If there are more than two or three final proposals, it may be necessary to 
conduct further investigations or discussions, or use other procedures, to reduce the number of 
proposals that will be subjected to a detailed evaluation to a more manageable number. In 
especially important but difficult or contentious cases, final proposals can be selected through a 
series of feasibility studies of increasing complexity and expense. 
Although the process of generating and selecting alternatives for evaluation can be complex 
and time-consuming, in practice it is usually not difficult to identify the most promising 
variations of the preliminary proposals, and often the final proposals will soon emerge after a 
few investigations and limited discussion. Nevertheless,.this task should not be treated lightly -
many researchers simply accept proposals as given, and fail to consider whether there might be 
more promising alternatives, with the result that inferior resource allocation proposals are often 
evaluated and presented to decision makers for final approval, or investigations and evaluations 
prove to be largely irrelevant to the decision making process.9 
9 . This proved to be the case, for example, in the study that was done of the Groenrivier area, described earlier (see 
Case Study 1 in Chapter 4). 
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The Rietvlei Case Study: The Alternative Proposals 
In 1971, Milnerton Estates engaged a firm of consulting engineers to assess the 
feasibility of creating a marina development at Rietvlei. The general proposal was 
found technically feasible, and so a consortium of consultants was appointed to 
design specific proposals which could then be evaluated in terms of financial 
viability. This consortium designed five basic schemes; some of these schemes had 
more than one variation, so that there were a total of 12 schemes to be considered. 
Due to a variety of circumstances, no action was taken on these plans, but when the 
Cape Provincial Department of Nature and Environmental Conservation announced 
their desire to proclaim Rietvlei a nature area under the Environment Conservation 
Act 100 of 1980, the managing director of Milnerton Estates made a statement that 
the area constituted a valuable asset and indicated that a marina scheme was still 
desired and would be pursued when market conditions were favourable. 
The project coordinator held a series of meetings in late 1982 with several 
individuals to discuss the current viability of the original mar_ina schemes and to 
identify possible alternative developments. The Milnerton City Engineer pointed 
out that two of the marina schemes could be redesigned to be generally compatible 
with the nature area project; he also suggested several totally new alternatives, such 
as a recreational harbour at the golf course or Flamingo Vlei, a resort development 
east of Flamingo Vlei, and a high density residential development on dunes adjacent 
to the vlei-lagoon. One of the original consulting engineers also had several 
suggestions, such as a proposal to put a small-craft harbour at the mouth of the 
lagoon which could link up to extensions to Cape Town's harbour. This proposal 
would be a compromise since the lagoon would be developed but the vlei could be 
left as a nature area. 
Th.fse various proposals were discussed with the managing director of Milnerton 
Estates, and although some of them appeared to be of interest, he eventually decided, 
for a variety of reasons, to not accept any of the new suggestions and to submit only 
one of the original 12 proposals for evaluation: scheme "AS". The description of this 
scheme is contained in the briefing document presented in Appendix CC. 
As regards the nature area project, a series of meetings were held in September 
and October 1982 with four members of the Rietvlei Nature Area Management 
Subcommittee (which had been formed in early 1981 to recommend how the area 
should be managed if proclaimed) in order to develop one or more management plans 
for evaluation. Several variations of a basic plan were discussed, and eventually a 
pref erred plan was selected which met all the management policy guidelines which 
the subcommittee had previously adopted. The description of this plan is also 
contained in the briefing document in Appendix CC. 
Discussions with the two proponents and other interested parties as to the 
desirability of investigating any other basic proposals were not productive, and it 
appeared that the area has little potential for any other use. The "status quo 
alternative" was not considered desirable since grazing produced little return for 
Milnerton Estates and the tax burden was high. The "without positive action 
alternative" was considered even less desirable since dumping, littering, and alien 
infestation - already a problem - could b~ expected to· increase. The "restoration 
alternative" closely corresponded to the nature area project, and it was not 
considered necessary to treat this as a separate alternative. 
Although new (fundamentally different) alternatives and possible variations to 
the preliminary alternatives were discussed with the proposers of the competing 
plans, neither of the principal parties - Milnerton Estates and the Rietvlei Nature 
Area Management Subcommittee - were particularly interested in a compromise 
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solution. The Directors of Milnerton Estates pref erred scheme AS to any other 
proposed use of the area, and members of the Management Subcommittee were not 
prepared to accept anything less than the whole vlei-lagoon system for a nature area. 
Task 4: Select Members of a Panel to Evaluate the Final Proposals 
Assuming no compromise solution is found, and two (or possibly three) mutually-exclusive 
proposals are selected for evaluation, the next step is to form a panel of respected persons to 
participate in the evaluation process. Because it is vitally important that the judgments of the 
panel are respected by all concerned (and especially the decision makers), the principal 
consideration in choosing panel members is that their participation will be acceptable to all 
affected parties. Decision makers and representatives of the affected parties should therefore 
be given an opportunity to reject (without any questions asked) anyone they find unacceptable, 
and the selection of panelists should be done by some procedure which minimizes the possibility 
of bias. 
The panel has three principal tasks: 
• to identify and define, with the assistance of special "advisors" - experts and concerned 
parties - the impacts which could result from implementing each of the final proposals; 
• to judge the relative social significance of these impacts; and 
• to recommend which proposal is superior in terms of the three criteria for evaluating a 
proposal's overall contribution toward improving social well-being. 
The major function of the panel is to make value judgments concerning how society will be 
affected by the alternative proposals. While there is no generally agreed-upon way to express or 
measure the "correctness" of value judgments, many judgments - such as the degree to which 
social well-being would be affected by an impact - can be expressed in numerical terms, and a 
group's average opinion is more likely to be acceptable than that of any given individual. 
Assuming there is a "correct" answer to a value question, the accuracy, reliability and 
acceptability of a group judgment will depend in part on the size of the panel. The number of 
panelists should be great enough to ensure that a broad range of viewpoints, arising from a 
diversity of information and value systems, are represented on the panel. Dalkey et al. 
(1972:17) found in experiments with group judgments concerning factual data that average group 
error decreases and reliability of group responses improves with increasing group size. (In these 
tests conducte.d by Dalkey, the largest group was 29.) This would indicate that for group value 
judgments there could be some critical number of participants below which such judgments 
would be suspect. Hogarth (1978) investigated the question of-how many experts were needed to 
achieve an "optimum" prediction, and concluded that 8 to 12 is enough; beyond this, Hogarth 
suggests that the criterion for adding members is whether more expertise is thought to be needed 
to increase group validity. Rohrbaugh (1979:90), in a study involving 141 panelists in 26 groups, 
found that heterogeneous groups with greater potential ability tended to make better decisions, 
and that the size of the group did not account for any significant additional variation. 
Dalkey et al. (1972:17-19) tested a number of variables which could affect the "accuracy" of 
a group judgment. Among other things, Dalkey suggests that the accuracy of group judgment can 
be assessed by evaluating the dispersion of the group judgment. In addition, the reliability of 
group judgment can be assessed by evaluating the correlation between judgments made by two or 
more panels of similar size and composition. 
These methods were used in the course of research done for this dissertation to assess group 
judgments concerning the relative significance of impacts10. It was found that panels as small as 
8 to 11 members produced results with a degree of dispersion that might be regarded as 
10 Dalkey also used a method of self-rating to test for accuracy, but self-rating was felt to be irrelevant in matters 
concerning the expression of subjective value judgments. 
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acceptable; in addition, the results produced by different panels were reasonably well-correlated 
with one other (see Assessment of the Significance Measurement Technique in this chapter, and 
Case Studies 4 and 5 in Chapter 6). Nevertheless, since better results were obtained with slightly 
larger panels, while no significant improvement was obtained with very large panels, it is 
recommended that an evaluation panel should consist of approximately 15 persons. 
The evaluation panel should.be multidisciplinary in nature to ensure that different points of 
view and types of expertise are represented, but individual panelists need not be experts in any 
particular field. It is obviously desirable, however, to select panelists who are likely to have 
special knowledge or insights pertaining to the issue at hand which they can impart to fell ow 
panelists on site visits, and as part of the feedback (through anonymous comments) during the 
Delphi evaluation. In order to ensure acceptability, it is important that prospective panelists are 
widely regarded as being impartial, of unimpeachable integrity, and capable of exercising 
superior judgment. The panelists must be persons whose judgments are likely to be respected by 
all concerned parties, not just because they have special expertise or standing in the community, 
but because they are regarded as being holistic thinkers, and because they are perc:eived as being 
concerned and knowledgeable about the human condition. 
The nomination and selection of panelists is obviously a critical process. The "chain -
referral technique" provides a means of identifying prospective panelists who are respected 
members of the community, and final panel selection can be done in a manner which minimizes 
the influence of personal bias and ensures that a broad spectrum of viewpoints will be obtained. 
The first step in the chain-referral technique is to prepare a list (preferably with the aid of 
proponents of proposals and responsible authorities) consisting of community leaders, 
academics, businessmen, government officials, professionals from relevant disciplines, and other 
individuals who are in responsible positions or are well known to the community. The project 
coordinator then sends a letter to each person on this list, briefly describing the nature of the 
study and the type of person required for the panel, and then asking ·that individual to 
recommend persons who would be eminently qualified to sit on such a panel. Letters .are 
subsequently sent to persons who have been 'so recommended, asking them, in turn, to 
recommend candidates for the panel. This process is continued until a substantial list of 
prospective panelists has been compiled. This list is then submitted to representatives of the 
affected parties for approval, and any person who is considered unacceptable by any party is 
struck from the list. 
The project coordinator then reviews the "approved list" and selects the individuals he 
considers would constitute a balanced, reliable, and respected panel. This is a major 
responsibility, and the project coordinator needs to guard against bias in determining the final 
composition of the panel. One approach to avoiding possible bias is to have each potential 
panelist indicate his primary field of specialization and the type of institution with which he is 
associated, and then randomly draw representatives from each field. Figure 5.3 presents a 
matrix which could be developed for this purpose. The acceptability of this prospective panel 
(and proposed alternates) should be cleared once more with the decision makers, since it is 
vitally important that the panel be regarded as balanced and the individual panelists are regarded 
with some esteem; if the decision makers do not sufficiently respect the judgment of the panel 
(particularly as to the relative significance of the impacts associated with each proposal) then the 
credibility of the entire evaluation procedure will suffer. 
After clearing the final candidates for the panel with the decision makers, the project 
coordinator should contact each prospective panelist to fully explain the study and invite him or 
her to participate. It is advisable to arrange for the participation of more persons than are 
required, since it may be anticipated that several will be unable to attend meetings or complete 
the evaluation process. 
119 
I N S T I T U T I 0 N 
(/) UJ 
UJ I- ........ a:: 
,_, > Vl ::> 
~CJ 0 Q.I (/) 
0 (.!:! ...... (/) (/)co UJ +-> V"l UJ I- ....J I- I- ...... ....J UJ a:: 
Cl.>- < > < Vl < V"l Cl. 
LU 0:: ,_, 0 I- us... 
--PRIMARY FIELD ON ClO u (.!:! V"l -Q.I u a:: LU 
SPECIALISATION I- z I :E: > a:: Cl. I- V"l UJ ::> 
-
....J 
-
LU .,.... UJ a:: < Cl. ....J 
I- I- > < (/) Cl c: :E: LU >::> < 
<< 0 u < <::> :E: I- -o I-I- I- a:: 0 ::> u----- oz a:: a:: 0 
(/) (/) Cl. 
....J 0 < Ul.JJ Cl. (.!:! I-
Construction Engineering 
Catchment Management 
Freshwater Research 
Freshwater Supply 
Power Research 
Habitat Preservation 
Habitat, Recreation 
Utilisation 
Habitat Research .... l 
.. 
. 
Agricultural Research 
Agric Production 
Environmental Planning 
(Biophysical) 
Environmental Planning 
(Socio-economic) 
Public - Political 
Decision-makers 
Legal 
Commerce 
Cultural/Historical 
Education 
Surveyors, Architects, 
Town Planners 
I 
TOTAL 
FIGURE 5.3 Matrix to Guide Selection of Panel Members 
120 
The Rietvlei Case Study: The Panel 
A list of prospective Delphi panelists was compiled by the project coordinator, 
in consultation with several colleagues, and a letter was sent to each person on the list 
explaining the nature of the study and asking if he or she would be prepared to serve 
on the evaluation panel. In addition, the reply form which was enclosed (with a self· 
addressed, stamped envelope provided) asked the prospective panelist to list the 
names (and addresses, if known) of any other persons who might possess the 
qualities specified and should be considered for inclusion on the panel. (The 
wording of the letter indicated that due to funding constraints no fee would be paid 
to the panelists, and this was confirmed in subsequent telephone conservations with 
selected panelists.) 
Identical letters and reply forms were sent to persons nominated, and this 
process was repeated until a substantial list of cooperative individuals was obtained. 
The list of prospective panelists was then presented to the Deputy-Director of the 
Environmental Conservation Branch of the Department of Environment Affairs, the 
Managing Director of Milnerton Estates, and the Chairman of the Rietvlei Nature 
Area Management Subcommittee, who were all asked to indicate which of these 
persons might not be considered acceptable as panelists. Those who were not 
regarded as suitable by any one of these key people were struck from the list. 
The project coordinator then selected the panelists from those who had been 
approved by the decision makers and the principal contending parties. Special 
consideration was given to constituting a well-balanced panel (representative of a 
variety of disciplines and backgrounds) that would be regarded as objective and fair. 
Those persons who were nominated but had not been selected, either because they 
were not acceptable to the principal parties or because the project coordinator 
thought they might be considered to have vested interests or be regarded as biased in 
respect to either of the proposed projects, were put on a separate list of persons who 
would be asked to serve as "advisors" in the impact identification and definition 
process. Thirty persons were selected as panelists, and 29 persons as advisors. 
Task 5: Identify and Define the Impacts Which Could Result From Each Final Proposal 
Before the impacts of the final proposals can be formally evaluated, they must be 
systematically identified and clearly defined. Panel members are to be given principal 
responsibility for identifying and defining all potential impacts associated with each proposal. 
While other persons should also play a role in this crucial task, it is important that the persons 
who will be judging the ultimate significance of these impacts are intimately involved in the 
identification and definition of the impacts. 
Panelists are therefore to be assisted in this task by "advisors" selected by the project 
coordinator. Advisors are persons who might be affected by any impacts, as well as persons who 
have some special knowledge or expertise relevant to the study. Unlike the panelists, these 
persons are not chosen for their holistic and unbiased perspective but for their specific 
knowledge, and they may be biased in respect of the proposals. In fact, representatives of the 
various interested parties are to be specifically invited to participate in this task to ensure that all 
impacts of any concern to anyone will be identified and defined. 
Considerable time and effort should be spent in identifying and defining all the potentially 
affected groups and the impacts that could be of concern to them because of the critical 
importance of this task. Many environmental evaluation methodologies are not sufficiently 
concerned with this step, with the result that some potential impacts are not investigated at all, 
while others are not addressed properly. A rigorous, iterative procedure is needed to ensure that 
all potential impacts (of possible concern to anyone) are identified, and then formally and 
thoroughly defined so that all parties will interpret them in the same way. 
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Environmental analysts often fail to ensure that a fully comprehensive and clearly defined 
list of potential impacts is prepared early in the Environmental Impact Assessment process, and 
this common failing results in ubiquitous complaints that important community concerns (or the 
interests of certain groups in the community) were misinterpreted and not properly addressed in 
the environmental report, or that some impacts were given inordinate weight in the evaluation 
stage because of double counting. Studies with such shortcomings can confuse and mislead 
evaluators and decision makers, and alienate members of the public who feel their concerns were 
neither clearly articulated nor adequately considered. One of the principal strengths of the 
Panel Evaluation Method is that great care is taken to obtain a complete and clear explication of 
potential impacts using the Impact Identification Technique. 
The major objectives of the Impact Identification Technique are to ensure that: 
• the list of impacts is fully comprehensive, so that all potential impacts of any concern to 
anyone will be included in the evaluation; 
• the impacts are clearly defined, so that there is complete agreement as to exactly what is 
meant by each impact definition during the evaluation; 
• the impacts are truly discrete or independent, so that there is no double-counting in the 
evaluation; and 
• the impacts are arranged in a hierarchical structure, so that the relationship of those 
impacts which are part of and subordinate to more generally defined· and more relevant 
impacts will be clearly delineated, and so that there will be fewer impacts to be separately 
evaluated. 
A general description of the Impact Identification Technique is presented in what follows. 
Description of the Impact Identification Technique 
Those persons (panelists and advisors) selected to formally participate in the impact 
definition process will receive a briefing document, prepared by the project coordinator, which 
describes the study, the study area, and the final proposals (see Appendix CC for an example). 
This document may also furnish a set of notes to assist in the identification of potential impacts. 
In. addition, a set of impact identification forms, for listing both the adverse and the beneficial 
impacts of each proposal, is to be included with the document. 
After reviewing this briefing document, panel members (as well as any experts which have 
been engaged) should normally be taken on a conducted site visit to gain familiarity with the area 
and to be given an opportunity to ask questions before completing the impact identification 
forms. (It should generally not be necessary to take potentially affected parties who are assisting 
with impact identification on a site visit, since they will probably be sufficiently familiar with the 
area to identify potential impacts, and in any case will not be involved in the evaluation process.) 
In addition to a visit to the study area, it is desirable to take panelists to other areas which have 
developments similar to those being proposed for the study area to acquaint panelists with the 
kinds of impacts that could conceivably arise. Panelists should be accompanied on this site visit 
by a proponent of each proposal, as well as persons with relevant expertise, to further explain the 
proposals and answer any questions, and to ensure that all sides of the issues are presented. 
Panelists should be encouraged to take notes, and after the site visit each panelist is to 
describe, on the appropriate forms, the kinds of impacts (both adverse and beneficial) which 
might occur from each proposal. These brief descriptions of potential impacts are then 
submitted, through the post, to the project coordinator. 
When a number of impact identification forms have been received from the panelists and 
others, the project coordinator begins to compile the first draft of an amalgamated list of 
potential impacts (i.e., a synthesis of all the impacts identified by the participants), which is then 
sent to panelists and other participants for comments. Impact definitions are subsequently 
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modified in light of the comments, and new impacts may be listed. Then the revised list of 
potential impacts is returned to the participants for further comment. This process can be 
repeated until there is general consensus as to the identify and definition of the impacts. 
In producing the amalgamated list of impacts, the project coordinator is guided by the 
fallowing considerations. 
The Need to Define End Impacts 
All impacts should be phrased to indicate, to the extent possible, their ultimate effect on 
people. What is important is the "end impact", i.e., how impacts ultimately affect social well-
being (Abelson, 1976:244), and therefore impacts to the biophysical environment should be 
regarded as "intermediate impacts" and re-phrased to clearly indicate their implications for 
social well-being. For example, an impact that is initially phrased as -
"Habitat destruction will reduce populations of migratory waterfowl" 
- suggests that the loss of waterfowl should be of some concern to society, but does not 
specify what these concerns might be, or reveal the nature of the ultimate impact(s). The 
statement simply indicates that there will be certain physical impacts (to unspecified elements of 
waterfowl habitat), that will in turn lead· to biological impacts (to unspecified species of 
waterfowl); but there is also an implication that these biophysical impacts will eventually result 
in social impacts (to, e.g., aesthetic, recreational, economic and scientific interests). Therefore, 
in addition to the obvious need to eventually clarify and examine the specific biophysical impacts 
that could result, there is a less obvious but more fundamentally important need to identify and 
consider the final or end impacts on social well-being. 
The Need to Define Independent Impacts 
In order to avoid general confusion and double-counting, particular care must be taken to 
ensure that the final impact statements are discrete or "independent": the primary or end impacts 
must not significantly overlap (i.e., imply the same thing) or interact with others (i.e., produce a 
noticeably greater effect when taken together than they do when considered separately). Impact 
statements which are very similar to others, and impacts which may be regarded as a sub-
category of another impact, are therefore to be aggregated and stated in more general form. 
Those impacts which do interact or overlap should then be listed as subimpacts which can be 
regarded as descriptive statements that serve to explain the nature of the more general impact 
definition. Impacts are thus to be presented in a hierarchical structure, with overlapping and 
interacting socioeconomic impacts (as well as intermediate biophysical impacts) listed as 
subimpacts which are subordinate to truly independent, end impacts. To carry the example 
presented above further, a re-examination of the elements of concern which gave rise to the 
initial impact description -
"Habitat destruction will reduce populations of migratory waterfowl" 
- may reveal that there are three end impacts (to society) implied by this general 
intermediate impact (to a biological resource): 
• diminished variety and beauty in the present landscape; 
• potential loss of genetic information; and 
• reduced attractions for recreation and tourism. 
In order to clarify the issues, avoid double-counting of impacts, and shorten the list of items 
to be evaluated, these concerns relating to migratory waterfowl might be better grouped with 
other concerns relating to maintaining diversity and aesthetic quality in the landscape, avoiding 
genetic losses, and protecting resources needed for outdoor recreation and tourism. Thus a 
hierarchical presentation, with intermediate impacts (and more specific impact descriptions) 
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subsumed under the relevant end impacts (and more general impact descriptions and headings), 
will facilitate the orderly and logical arrangement of impacts without losing any information or 
specificity (see Box 5.3for an example). 
BOX5.3 
Example of Hierarchical Presentation of Impacts 
UNPRICED COSTS OF THE MARINA PROJECT 
REDUCED LANDSCAPE DIVERSITY AND AESTHETIC QUALITY 
The variety and beauty of the present landscape would be diminished by the loss of open space, 
natural features, and biological elements, all of which act as a "green lung" for the urban 
environment: 
a) .... . 
b) .... . 
c) .... . 
d) the destruction of biological habitat and sources of primary production would reduce the 
numbers and therefore the pleasing visual and auditory impacts of some populations, 
particularly highly-valued species of water birds; 
e) ..... . 
f) .... . 
INCREASED RISK OF LOSING BIOLOGICAL RESOURCES 
Potentially valuable genetic information could be lost if habitat destruction reduces gene pools 
beyond safe levels: 
a) ..... 
b) another link in the system of wetlands used by migratory species of water birds will be 
eliminated, and this could endanger the viability of some populations; 
c) ..... 
LOST RECREATION AND TOURISM BENEFITS 
Opportunities for several outdoor rec·reational pursuits will be diminished, and the area's appeal 
to tourists may be impaired: 
a) reducing the area available for g@lf, hiking, bird watching, horse riding, trail bike riding, flying 
model aircraft, etc. would deprive metropolitan Cape Town's large and rapidly growing 
population of recreational opportunities - this could increase sociological pressures, decrease 
the efficiency of the local work force, and lower the overall quality of life for urban residents; 
b) .... . 
c) .... . 
The Possibility of Reducing the Number of Impact Lists 
If desired, it is possible to reduce the number of lists to be evaluated in order to simplify the 
evaluation procedure. When two proposals are mutually exclusive, all impacts for each of the 
two proposals can be stated in terms of "costs" only (i.e., direct adverse effects or foregone 
opportunities to obtain some benefit provided by an alternative proposal), QI "benefits" only 
(i.e., direct positive effects or opportunities to avoid some cost associated with an alternative 
proposal). For example, the beneficial impacts of Proposal A can be regarded as foregone 
opportunities associated with implementing Proposal B. Therefore, in order to simplify the 
evaluation procedure to be conducted later, all impacts can be phrased in terms of costs: a 
beneficial impact of Proposal A, "Fifty jobs will be created", can be listed as an adverse impact, 
"An opportunity to create fifty jobs will be lost", for Proposal B. The result is a list of costs only 
for each proposal. (It is also possible, of course, to list all impacts as benefits instead of costs -
e.g., the adverse impact of one proposal, "Twenty jobs will be lost", can be listed as a beneficial 
impact, "Twenty jobs will be saved", of the alternative proposal). 
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When all participants (and particularly the panelists) are satisfied that every potential 
impact associated with each proposal under consideration has been identified and properly 
defined, the final list of potential impacts will be used to direct specific investigations into 
potential environmental impacts. This list will also be used to ·guide the Significance 
Measurement Technique (see Task 7). 
The Rietvlei Case Study: The Identification of Impacts 
Once panelists and advisors had been selected, the briefing document (see 
Appendix CC) and impact identification forms were sent to both groups. 
Arrangements were made to take the panelists (but not the advisors) on a half-day site 
visit accompanied by a proponent of each of the two proposals, as well as an estuarine 
ecologist and an environmental economist. (It was assumed that the advisor group 
would have sufficient familiarity with the area, or be motivated to obtain enough 
information, to fill in the impact identification forms, without a special site visit.) 
It was necessary to divide the large panel into four smaller groups for the site visit, 
and these groups were taken to the site on separate days. Time constraints did not 
allow visits to existing marinas and nature areas in the Cape Peninsula, but the 
panelists demonstrated general familiarity with such areas in their questions and 
discussions. 
After receiving the completed impact identification for ms from both the 
panelists and the advisors, the. project coordinator produced a synthesis of the 
potential impacts which had been identified. The benefits listed for each proje_ct 
were reformulated and expressed as costs (or foregone opportunities) of the other 
project, so that there was a list of costs only for each proposal. Then this document, 
which both listed and defined the impacts, was sent back to the participants (both 
panelists and advisors) with a covering letter explaining how and why impacts were 
grouped and sometimes rephrased, and re'quesiing comments for further improving 
or clarifying impact definition (see Appendix DD). 
The potential impacts on each of the two lists were arranged in a hierarchical 
structure so that overlapping and interacting impacts for each proposal were treated 
as subimpacts and subsumed under more encompassing terms or definition 
statements, but still presented in order to elucidate the nature of the principal or 
discrete impacts. 
After reviewing comments on the list of potential impacts, the project 
coordinator revised the lists of impacts to address concerns that had been expressed 
and, under a covering letter requesting further comment, distributed the new list of 
potential impacts to participants (see Appendix EE). Since no further comments or 
suggestions were subsequently received, this second version of the impact lists was 
accepted as reflecting the general view of the panelists and advisors, and the 
document was then used to direct further investigations into the nature, magnitude, 
and possible significance of nonmonetary impacts which could possibly result from 
the implementation of the two proposals. 
Task 6: Investigate and Prepare a Report on the Potential Environmental Impacts 
Associated with Each Proposal. 
After the impacts have been identified and defined to the panel's general satisfaction, the 
project coordinator will normally engage experts from appropriate disciplines to investigate and 
report on the nature of each impact. The extent of the investigations will depend on the 
importance of the issues and the availability of resources. The primary objective of these 
investigations is to convey an impression of how social well-being will be affected by the impact. 
If possible, the investigation should present estimates (and associated probabilities) of the 
possible magnitude of the impacts, but informed opinion is also sought on 
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• the timing and duration of each impact, 
• the social groups that would be differently affected and how they would be affected, 
• associated risks and secondary effects, and 
• possible measures for mitigating adverse impacts and enhancing beneficial impacts. 
Normally there will be both monetary and nonmonetary impacts. If the monetary costs and 
benefits of each proposal can be estimated with reasonable accuracy, then the present 
discounted value of each proposal can be calculated to provide a starting point for a comparative 
evaluation.11 If deemed practicable, the project coordinator may also employ shadow-pricing 
techniques to estimate the monetary value of certain external costs or benefits, and thereby 
reduce the area of uncertainty in a comparative evaluation. 
If the present discounted value of each proposal can be estimated, it will then be possible to 
calculate the excess monetary value of one proposal over the other (see A Proposal for Resolving 
the Measurement Problem in Chapter 4 ). This value can either be listed as an impact itself, the 
significance of which can be weighed directly against nonmonetary impacts, or it can be used to 
calculate a contingency price for any of the nonmonetary impacts, using the fractional 
contingency price valuation procedure. In this latter case, if a reliable shadow price can be · 
obtained (at reasonable cost) for just one impact, comparisons of the relative efficiency of the 
pr~posals can be greatly facilitated. 12 In either case, if this monetary value is to be meaningfully 
related to the nonmonetizable outcomes of the proposals, it is necessary to obtain sufficient 
information about the nonmonetary impacts to permit the panel to make reasonable judgments 
as to the relative significance of these impacts. 
When the reports of the expert consultants have been received, the project coordinator 
compiles an "impact report" which summarizes and consolidates the material in these reports. 
·This impact report should be reviewed by the e]Cpert consultants and others with special 
knowledge that might be relevant to the issues addressed. This is necessary to guard against bias 
and interpretive errors, and ensure accuracy and completeness. After review, the impact report 
is then sent to panel members to assist them in evaluating the social significance of the impacts in 
the Delphi meeting. 
Panelists should have an opportunity to obtain clarification on any aspect of the report, and 
to propose new impact definitions, before the evaluation procedure begins; it is important that 
the project coordinator ensures that all panelists are still agreed that the list of impacts for each 
proposal is complete, and that impacts have been satisfactorily defined and explained. 
The impact report prepared by the project coordinator should follow a prescribed format to 
ensure that all topics that could influence significance determinations will be specifically 
addressed for each impact. The following format is recommended. 
• General nature of the impacts 
• Possible magnitude of the impacts (and probability of occurrence) 
• Potential effects on social groups differently affected 
• Timing, duration, and reversibility of the· impacts 
11 It should be noted that from the point of view of persons living today, it is appropriate to discount the present 
value of any costs and benefits occurring in the future; the point of view of generations to come cannot be 
properly considered in efficiency and equity analysis, and is best treated separately through an explicit analysis 
of intergenerational or "sustainability" effects. See Appendix F for further discussion of the discounting issue. 
12 For example, assume the excess monetary value of Proposal A over Proposal B is RlOm; assume also that the 
relative significance of Impact X of Proposal A has been determined to be 20% of the value of all 
nonmonetizable impacts, so that a contingency price of R2m can be calculated for Impact X; assume further 
that a shadow price of R3m has been obtained for Impact X; then since the nonmonetizable costs of Proposal A 
exceed its excess monetary value, Proposal Bis more efficient. 
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• Special risks and secondary effects associated with the impacts 
• Measures to mitigate adverse impacts and enhance beneficial impacts. 
The panelists are to be instructed to carefully review the contents of this report before 
beginning the evaluation procedure. The report should be concise and focused on the salient 
issues. Miller (1985) points out that although confidence increases with the amount of 
inf or ma ti on available, the actual quality of decisions starts to decrease after a modest level of 
information is reached. Information overload can lead to simplifications which bias judgment. 
The Rietvlei Case Study: Investigation of the Impacts 
Due to the limited resources available to this study, and the fact that during the 
course of the study it was announced in the media that the South African Cabinet had 
in principle taken a decision to declare Rietvlei-Milnerton Lagoon a nature area, it 
was not considered practical to thoroughly investigate the impacts which had been 
identified, or to prepare an impact report, and so panelists were simply assembled to 
conduct an evaluation based on their existing knowledge of the situation, and using 
the briefing document and hierarchically-structured impact lists in the list of 
potential impacts. 13 
Although an impact report was not completed, Appendix FF presents the general 
approach that was being followed. Among other things, this appendix illustrates the 
recommended format for an impact report, which could then easily be incorporated 
into the final environmental evaluation report (see Task 9). 
Task 7: Judge the Relative Significance of Each Proposal's Impacts 
After the impact report has been studied by the panelists, the panel is convened for a Delphi 
meeting (an alternative procedure is to use questionnaires sent through the post).14 The first 
object of the meeting is to apply the Significance Measurement Technique (see Impact 
Evaluation in this chapter) to judge the relative significance of the impacts. 15 This will make it 
possible to determine which proposal is more efficient. 
Most of the work done during the Delphi meeting is directed at accomplishing this task -
evaluating the relative significance of impacts listed for each of the proposals - in order to 
achieve an acceptable level of reliability (and presumably validity) in this very difficult 
assignment. The Significance Measurement Technique provides a means of merging the 
evaluations of different individuals into a single group perspective. A major advantage of the 
technique is the speed and ease with which it can be applied: two proposals can be evaluated by a 
panel of approximately 15 persons in a single half-day session. If there are more than two 
proposals, and there are more than about ten impacts for each proposal, then it may be desirable 
to arrange other meetings in order to avoid panel fatigue. Since the Significance Measurement 
. Technique appears to be highly reliable (see Case Study 4, Assessment of the Evaluation, in 
Chapter 6), it might even be acceptable to use different panels to evaluate different pairs of 
proposals. 
13 This, of course, is not the most desirable approach to environmental evaluation, and several of the panelists felt 
that they did not have sufficient information to judge the relative social significance of certain potential 
impacts. Nevertheless. the great majority of _the panelists agreed that even with this disadvantage, the 
evaluation procedure clarified one's thinking and was a useful exercise. This would indicate that if resources 
are not available to conduct a thorough environmental impact assessment, it is still worthwhile to formally 
identify, define. and evaluate the impacts using the Impact Identification Technique and Significance 
Measurement Technique. 
14 Postal evaluations also appear to produce reliable results (see Case Study 4, Assessment of the Evaluation, in 
Chapter 6) but evaluations can be accomplished much more quickly if panelists are brought together in a 
meeting. 
15 The second object of the meeting - to recommend which proposal best satisfies the three evaluation criteria -
will be discussed in the next section. 
127 
Following is a description of the major steps involved m applying the Significance 
Measurement Technique. 
Description of the Significance Measurement Technique 
The impacts of each proposal, which have previously been arranged on separate lists, are 
now given to the panelists for evaluation. It is desirable to have two lists of impacts for the panel 
to evaluate so that while evaluations for one list are being processed for feedback to the panel, 
the panel can meanwhile be engaged in evaluating the other list. This alternation of lists helps to 
retain the panel's interest and makes better use of the panel's time. ff one proposal is being 
evaluated against the null option (i.e., doing nothing) then the panel can alternate between a list 
of costs and a list of benefits for that proposal. If two proposals are being evaluated, impacts for 
each proposal can be presented in one of two ways: 
• costs and benefits are listed separately, so that there are two lists for each proposal; or 
• all impacts are expressed as either costs or benefits, so that there is only one list of impacts 
for each proposal. 
During the course of the meeting, panelists are asked to independently rate, rank and finally 
weight the impacts on each list. In order to facilitate the ratio-scoring procedure, which is the 
heart of this task, considerable effort is first placed on achieving, for each panelist, a rank-
ordering of the impacts of each proposal in which the panelist has considerable confidence (see 
Impact Evaluation in this chapter). Since it is difficult to rank-order a long list of impacts, a 
rating procedure is used to facilitate this ranking. After going through several iterations of 
rating the impacts for each proposal, each panelist will use his final rating scores to achieve a 
rank-ordering of impacts. The panelist should then he sufficiently familiar with the process of 
comparing the relative significance of the impacts to be comfortable with undertaking the ratio-
scoring procedure. 
After a general introduction to explain the Delphi procedure and what is to be accomplished 
during the meeting, each panelist privately and anonymously rates, on a scale of 1 to 7, the 
impacts that have been identified for each proposal. Pre-printed, colour-coded forms are used 
for this purpose. ff a desk-top computer is available, group scores are tabulated with the aid of a 
microcomputer programme, and the results fed back to the panel in the form of computer-
generated histograms and group mdns (Ellis, 1982). 
After receiving the feedback, panelists are asked to compare their personal rating scores 
with those of the group as a whole and consider reasons for any differences in evaluation. ff any 
of the panelists desire to convey some information which might serve to enlighten other 
members of the panel as to the possible importance of any impact, comments of a factual nature 
may be anonymously written and submitted to the project coordinator. These comments will be 
passed on to the panel with histograms and other feedback from the second iteration.16 Panelists 
are then asked to re-rate the impacts. 
Group rating scores for the second iteration are calculated and returned to the panel as 
before, along with any comments which were submitted in response to the results of the first 
iteration. After this feedback, panelists are again asked to compare their scores with those of the 
group, and consider any comments which have been provided, and then undertake a third rating. 
Written comments are again solicited. 
This process can be continued until there is no further convergence toward .consensus or 
new comments offered, but normally three iterations will be sufficient (see Case Study 4, 
Assessment of the Evaluation, in Chapter 6). After the last set of histograms and comments are 
displayed or distributed, panelists are asked to rate the impacts a final time, and to use this final 
16 Histograms and comments may be copied onto transparencies and displayed with the use of an overhead 
projector. or photocopies may be' distributed to the panelists; it is also possible for the project coordinator to 
read aloud the anonymous comments to the group. 
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rating to rank the impacts in order of importance. Each panelist thus arrives at his own personal 
ranking of impacts, so that the impacts are arranged in order of importance according to his best 
judgment; this personal ranking will then be used by the panelist to judge the relative importance 
of the impacts. 
The first step in the ratio-scoring procedure is for each panelist to choose the "threshold 
impact", the lowest-ranked impact that passes the "threshold of significance" (see Impact 
Evaluation in this chapter). The importance or "value" of this impact is then compared with the 
value of each of the impacts ranked above it. Those impacts which the panelist judges would be 
totally inconsequential to present-day society will be disregarded in the subsequent weighting 
procedure, while this first impact to pass the threshold of significance will serve as a benchmark 
to systematically evaluate how much more important every other impact is when compared to the 
one which has been selected. By combining the judgments of the panelists, the procedure results 
in a measure of the relative significance of each impact as judged by the group as a whole. 
The Rietvlei Case Study: The Relative Significance of Each Proposal's Impacts 
On 30 and 31 March 1983, Delphi meetings were held at the University of Cape 
Town to judge the relative significance of the nonmonetary impacts associated with 
each project. A total of twenty-eight individuals had accepted invitations to 
participate, but several people were unable to attend, so that one panel consisted of 8 
persons and the other of 11 persons. This affected the composition of the panels in 
terms of professional affiliation and disciplinary orientation, since one panel now 
had a higher proportion of academics and biologists than the other. One might 
therefore expect judgments made by the two panels to be less well correlated than 
would have been the case if the panels had been more balanced. 
The Delphi meetings were held in a comfortable conference room, and a data 
processing unit was set up nearby, equipped with a microcomputer and printer, 
typ'iwrTter, and ph<?tocopy machine. The..project .coordinator and an aSsistant stayed 
in the conference room throughout the meeting, and three persons were stationed in 
the data processing room. Two messengers were assigned to.the conference room to 
transfer data to and from the data processing room. Rating and weighting scores were 
entered into the computer, and comments were typed separately in order to reduce 
processing time. Computer printouts and typed comments were then photostated so 
that each panelist received his own copy of the feedback. Processing time for each 
iteration ranged from 10 to 15 minutes, and while judgments for one proposal were 
being processed, work continued on the other proposal, so that no delays were 
experienced. 
Panelists were first asked to rate the importance of each of the 10 impacts 
associated with the marina project, using the form illustrated in Figure 5.4), in order 
to help the panelists later rank and then weight these impacts. The rating procedure 
was accomplished four times, with feedback of group ratings in the form of 
histograms three times (see Figure 5.5). Written comments were solicited after the 
second and third iterations (see Figure 5.6), and these were also fed back to the 
panel. After each iteration, panelists recorded their ratings on a Personal Summary 
Sheet (see Figure 5.7) in order to more easily compare their ratings with those of the 
group as a whole. This Personal Summary Sheet was also used to record a fourth and 
final rating after feedback from the third iteration. This last rating was not handed in 
for processing, but used by each panelist to facilitate his personal ranking of the 
impacts on an Impact Weighting Form (see Figure 5.8), and this ranking was used to 
weight the impacts using the ratio-scoring technique (see Impact Evaluation in this 
chapter). 
While waiting for the results from each of the three iterations of rating the 
marina project impacts, the panel was employed in rating and weighting impacts 
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HAR IN A PROJECT 
IMPACT RATING FORM 
12. PARTICIPANT'S NUMBER ............. . ITERATKJN NUMBER: ...... ~ ...... . 30-3-83 DATE: .................... . 
IMPACT VERY MODERATELY EXTREMELY IMPACT 
LETTER UNIHPORTAN T IMPORTANT IMPORTANT LETTER 
1 2 3 4 5 6 7 
--
--
A 2 A 
8 3 8 
------ - -·----- ----- - ----
-· -·----· -·-· -·- ---·--~-- -·--
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. .. 
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E 
F 2 F 
G I G 
I H H 2 
-
I I I 
J I J 
--· 
-· ·----··--- ··-·· --·- -· - . - -- ··-- ··--· 
1 2 3 4 5 6 7 
FIGURES.4 Example of a Completed Impact Rating Form 
VOTING FOR X 
LOST RECREATION AND TOURISM BENEFITS 
7: * 
6 : ** 
5: *** 
IMPACT 4: u 
3: ** 
2: 
1 : * 
IMPACT 
uo 
7: * 
6 . * 
5:****** 
4:** IMPACT 
3: 
2: 
,,1 : * 
FIGURE 5.5 Example of Three Iterations of Rating Feedback 
7: 
6:** 
5:******** 
4: 
3: 
2:* 
1 : 
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MARINA PROJECT 
COMMENT SHEET 
PARTICIPANT'S NUMBER: .... ..J.l. .......... . . 30 -3- 8 3 DATE ..................... . 
~ IMPACT: ............... . 
IM P f.h:.-1' 0 : 
-
F Laod o...bso rbi\°"' MJjl b.L Ntl/~ b.tdM' .wdk 
Ml r' ~ 6 £o ()d C.O I\ f /f..O.l Op J.'I/\ ,'rt~ fo Ile ALd.,. 
·q,w¥ /.JM~ ~Avituw ~d; itu~ dJ~ 
A!Mf& t.u.J ~~~~ ~4ftli/-r w~~ ftia ~ ~ ~pe~ ~q 
D io .R.of e-""'-' J gw O"'P /,.;.,c,a.l /fll!';cv- -
FIGURES.6 Example of a Completed Comment Sheet 
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MARINA PROJECT 
PERSONAL SUH MARY SHEET 
12 PARTICIPANT'S NUMBER: .................. . 
IMPACT RATING RATING RATING RATING 
LETTER (1st.) (2nd.) (3rd.) (4th.) 
A 3 2 2 I 
8 2 2 3 3 
[ 7 7 7 7 
D 5 5" s 5" 
E 5" b b !" 
F 3 3 2 2 
G 
I I I I 
H I z 2 I 
'-. 
I 2 2 I I 
J 3 I I I 
FIGURES.7 Example or a Completed Personal Summary Sheet 
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MARINA PROJECT 
IMPACT WEIGHTING FORM 
PARTICIPANT'S NUMBER:.. J 2 . 30-3 - 83 DATE ................. . 
RANKING IMPACT WEIGHTING 
LETTER 
1 c //,o 
2 E .s 5' 
3 D 80 
-
' 8 20 
5 {. IC 
· .... ,.. 
..· .. 
6 H x 
·-
.,.._ _____ 
7 A x 
8 I x 
9 G x 
10 J x 
FIGURES.8 Example or a Completed Impact Weighting Form 
NATURE AREA PRO.HT 
IMPACT RATING ANO WEIGHTING FORM 
PARTICIPANT'S NUMBER: ..... JZ ........ . 30 -3 - 8-3 DATE: .............................. . 
IMPACT VERY MODERATELY EXTR£MEl..Y RANKING IMPACT WEIGHTING . LETTER UNIMPORTANT IMPORTANT IMPORTANT 
LETTER 
1 2 3 4 5 6 7 
A 
1 
150 4- ~ 
B 
I 2 
G 30 
[ 
3 
c - ~- 15 
I •. D 
4 3 A 10 
E 
5 I D /0 
F 
6 7 £ )( 
G 
7 
5 8 x 
FIGURE 5.9 Example of Combined Impact Rating and Weighting Form 
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associated with the nature area project. A different procedure was used for the 
nature area project, however, in order to test panel reaction to the value of multiple 
iterations of rating and to compare two different approaches to weighting impacts. 
For the nature area proposal, only a single iteration of rating was accomplished, and 
after feedback the impacts were weighted using a combined rating/weighting form 
(see Figure 5.9). The panel subsequently weighted the impacts a second time using 
the constant-sum method, in which 1 000 points were distributed over all the impacts 
(see Methods of Scaling Data in Chapter 3) .17 
Results of the ratio-scoring weighting procedure for both proposals and for the 
combined meetings are presented in Table 5.2. It was decided to use weightings from 
the combined meetings in the report to the decision makers and concerned-parties. 
The aggregation of results from the two meetings may be considered reasonable if 
one accepts the hypothesis on which the Significance Measurement Technique is 
based (see Impact Evaluation in this chapter); although this hypothesis was not 
confidently conj irmed in this case study, the material and procedures used in both 
meetings were identical, and the results were highly correlated (see Assessment of 
the Significance Measurement Technique in this chapter), even though the panels 
were somewhat dissimilar and there was no impact report provided. It was there/ ore 
thought that the judgment of the combined panels would be acceptable, and possibly 
preferable to those of either panel on its own. 
TABLE5.2 
Results of Ratio-Scoring (Combined Panels) 
MARINA PROJECT 
A 
B 
c 
D 
E 
F 
G 
H 
I 
J 
15,95 
17,38 
19,56 
14,54 
8,24 
10,48 
4,01 
2,28 
5,45 
2,11 
100,00 
NATURE AREA 
PROJECT 
A 
B 
c 
D 
E 
F 
G 
17,27 
4,69' 
8,77 
10,02 
28,92 
24,87 
5,47 
100,00 
Task 8: Identify the Proposal Which Best Meets the Selection Criteria (Efficiency, 
Equity, Sustainability) 
The second objective of the meeting is to make a systematic comparison of the alternatives 
m terms of the three evaluation criteria. This is done by applying the Criteria Trade-off 
Technique, which involves asking each panelist to complete a form which leads him through a 
specified procedure for applying and trading-off the criteria. The procedure consists of two 
steps: first ranking the proposals according to each criterion, and then selecting the proposal 
which is superior considering all three criteria together. 
17 The panel's reaction to conducting a single iteration of rating was negative: the consensus was that the multiple 
iterations of rating done for the marina project were helpful in preparing for the ratio-scoring, whereas the 
second iteration of weighting for the nature area project did not seem- to improve individual or group 
evaluations, 
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After each panelist has completed the ratio-scoring procedure, he will have a better feel for 
the relative efficiency of the competing proposals. In addition, his study of the impact report 
should have given him a good understanding of how the respective proposals will affect different 
social groups, and some idea of the implications for future generations. 
If one proposal is judged superior in terms of all three criteria, then it is obviously the 
preferred proposal. But in most cases, no single proposal will excel in terms of all three criteria. 
It is then necessary to apply some acceptable procedure for selecting the proposal which seems, 
in the judgment of most panelists, to have the best overall potential for advancing social well-
being. 
Following is a general description of the Criteria Trade-off Technique. 
Description of the Criteria Trade-off Technique 
The recommended procedure is to ask the panel to systematically compare the effects of the 
proposals using an evaluation format which emphasizes the criteria in a specific order: 
efficiency, equity, and sustainability. The efficiency criterion is to be applied first because if a 
proposal is to have a positive net social value, it is generally necessary that benefits exceed costs; 
an inefficient proposal will usually not be given serious consideration. Also, decision makers 
generally seek to advance social well-being by making efficiency improvements: only after 
identifying the more efficient proposals will decision makers normally consider the distributive 
consequences of the proposals; those which significantly violate the equity criterion may then be 
rejected.18 
After applying the equity criterion, some consideration is then given to the effects of the 
proposals on the well-being of future generations, and if any appear to have unacceptable 
consequences for future generations, these may also be rejected. This criterion is applied last 
because there is often considerable doubt as to the effects an action will have on future 
generations (because of unpredictable changes in tastes and preferences, income levels, 
technology, and other factors), and because decision makers are primarily concerned with 
improving the well-being of their immediate constituency (i.e., persons constituting the present 
population). 
If only two proposals are being evaluated, a simple procedure can be used for applying and 
trading-off the criteria. Each panelist is asked to write out a personal evaluation statement using 
a form (see Box 5.1) which guides him through the criteria evaluation and trade-off process. If 
more than two proposals are being evaluated, another evaluation form (to be used in conjunction 
with the personal evaluation statement) can be employed to ensure that criteria are applied and 
traded off in the proper order. 19 After systematically comparing each pair of proposals in order 
to rank the proposals by each criterion, the panelist then selects the preferred proposal by a 
process of elimination (see Box 5.2 for an illustration of the final evaluation procedure that can 
be employed in this case, after the proposals have been ranked in terms of the various criteria). 
The project coordinator should use his discretion to decide whether the criteria evaluation 
·should be done at the end of the Delphi meeting or on another occasion. If panelists are 
obviously tired at the end of the impact weighting session, they may do a more thorough job on 
the personal evaluation statements if more time and reflection can be devoted to them on 
another occasion. If the project coordinator feels that the panelists will be willing to undertake 
the Criteria Trade-off Technique at another time, he may ask panelists to complete the forms at 
home and return them through the post. In other cases it may even be desirable to ask the 
panelists to employ the Delphi method (either in another meeting or through the post) in order 
to seek consensus as to which proposal best meets the evaluation criteria. 
18 It should be noted that market solutions can sometimes be found, or redistributive measures taken. to rectify 
the inequitable distribution of costs and benefits for an efficient proposal; this is usually the preferred course 
of action. and is another reason why the efficiency criterion is applied first. 
19 A different ordering than that presented in Figure 5.2 is of course possible, and Appendix F presents a case for 
applying the sustainability criterion first and the efficiency criterion last. 
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In any case, when the personal evaluation statements are completed, the judgments of the 
panelists are to be assembled by the project coordinator and included in the final environmental 
evaluation report. 
The Rietvlei Case Study: Identifying the Proposal Which Best Meets the Selection 
Criteria 
In order to complete the evaluation procedure, eight panelists who agreed to 
attend another meeting (and who were not necessarily representative of the original 
panels) were asked to complete a personal evaluation statement. The nature area 
project was judged by this panel to excel in terms of all three criteria on the first 
I 
iteration, although one panelist felt that the marina project was more efficient, and 
one other panelist felt that the marina project was more equitable. The foil owing 
remarks, paraphrasing comments from the personal evaluation statements, are 
presented to illustrate the type of reasoning applied to the problem by the panelists. 
Efficiency Effects: "It seems reasonable to assume that at least 100,000 people will visit the 
nature area every year, and if they just use R2,00 worth of petrol per person, that would 
indicate a willingness to pay of R200,000. 20 In fact, people spend far more than this to visit 
other natural areas around the Cape, and over the next 50 years there will be more people 
willing to pay even more to visit such areas." 
Equity Effects: "Converting the area into a marina would benefit only a few people - mainly the 
new residents who would live there - and these people are well-off and have the mobility to 
visit natural areas outside the city. The poor, and particularly the non-white sector, would 
then have reduced opportunities to enjoy healthy outdoor recreational activities. Also, the 
loss to conservationists would be much greater than the gain to prospective marina users, 
and there is no way to compensate conservationists for this loss. People who want to live in 
a marina scheme can go to Marina da Gama." 
Intergenerational Effects: "Future generations will live in a crowded and overdeveloped world 
so will probably value visits to natural areas far more than we do. We should be prepared to 
set aside special areas, such as the only vlei-lagoon system in the region and its rich bird-
lif e, for the pleasure of those who will follow us. What we would be giving up is very little in 
compa'rison with what they would gain." 
In this case, the task of applying the evaluation criteria was relatively 
straight/ orward and did not present any difficult trade-offs. Even the panelists who 
did not rate the nature area superior in terms of all three criteria were conj ident that 
, the nature area was superior overall. 
Task 9: Analyze the Results and Prepare an Environmental Evaluation Report 
After the Delphi evaluation process is completed, the project coordinator analyzes the 
results and documents the findings in an environmental evaluation report. This report, though 
intended primarily for the decision makers and proponents of the mutually-exclusive 
alternatives, should also be made available to any concerned party on request. This is so the 
evaluation will be seen as open and above board. 
The report should be quick and easy to compile since it will consist largely of material 
already prepared for other purposes. Much of the material needed for the environmental 
20 The reasoning here was based on a contingency price of R2,l ll,OOO that was calculated for Impact F of the 
Marina proposal, "Lost Recreation and Tourism Benefits"; the question that is posed is whether the community 
would be willing to pay this amount over 50 years to maintain these benefits. Using a discount rate of 10%, and 
assuming benefits are the same every year, then the annual willingness to pay for these benefits would have to 
be R212,926. 
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evaluation report will be contained in the briefing document, the list of potential impacts, and 
the impact report. 
The heart of the report will, of course, be an analysis of the results of the efficiency 
evaluation and the application of the evaluation criteria accomplished by the Delphi panel. This 
part of the report can take different forms, depending on the approach that has been taken to the 
study. 
For the efficiency evaluation, each pair of proposals are to be compared to determine which 
proposal would yield the highest net benefit to present members of society. Normally there will 
be both monetary and nonmonetary costs and/or benefits associated with each proposal. Cost-
benefit Analysis and shadow-pricing techniques can be applied to collapse as many impacts as 
possible into a single monetary value, so as to reduce the number of nonmonetizable impacts to 
be considered. 
If only one proposal is left with adverse impacts which are completely nonmonetizable, then 
the mon~tary value of this proposal can be used to calculate fractional contingency prices for its 
nonmonetary impacts, using the basic fractional contingency price valuation procedure21 (see A 
Proposal for Resolving the Measurement Problem in Chapter 4). But a more complex situation 
exists if both proposals have a number of significant unpriced costs. For these cases, a variation 
of the fractional contingency price valuation procedure has been developed, although it may be 
regarded by some as of academic interest only because of its relative complexity and potential 
for cumulative error. 
This variation of the procedure involves comparing the relative significance of unpriced 
costs associated with each proposal in order to eliminate impacts of equivalent social value, so 
that one is left with a list of costs for one proposal only. Then it is possible to calculate a 
contingency price for any of the remaining nonmonetary costs of the proposal with the excess 
monetary value, and make a single trade-off as before (see Box 4.1). The following steps are 
involved: 
• After the excess monetary value of Proposal A (the development proposal) over Proposal B 
(the conservation proposal) is calculated, the scores given to all unpriced costs for both 
proposals are aggregated and normalized (this can be done if it is assumed that the first cost 
which passes the "threshold of significance" for one proposal is comparable in significance 
to its counterpart for the other proposal). 
• Then all of Proposal B's unpriced costs may be compensated for by eliminating unpriced 
costs of Proposal A which have equivalent scores. 
• The scores for Proposal A's remaining unpriced costs are then summed, each score divided 
by the sum, and each result multiplied by 100. 
• Contingency prices can be calculated for any of the remaining impacts by multiplying the 
excess monetary value of Proposal A by these new percentage scores. 
There are other possible approaches to evaluating the efficiency of a proposal. For 
example, the monetary value of a proposal can simply be listed along with the nonmonetary 
impacts, and its relative significance evaluated in the same way as the nonmonetary impacts 
(using the ratio-scoring procedure). If the net monetary value of a proposal cannot be calculated 
with any degree of confidence, then the analyst can simply describe the general financial 
implications as clearly and accurately as possible, and list these along with the nonmonetary 
impacts. 
21 While it is possible to calculate contingency prices immediately after the ratio-scoring procedure, and then ask 
panelists to use these to judge whether a proposal meets the efficiency test, the use of contingency prices and 
other aspects of a full efficiency analysis (such as the use of shadow prices)° can be complex and will normally 
require careful study after the meeting. 
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This suggests two general ways in which the Delphi evaluation of the relative significance of 
impacts can be used to make efficiency determinations: 
• The first general approach is to use the "fractional contingency price valuation procedure". 
If the excess monetary value of one proposal over another has been determined, the project 
coordinator can calculate a fractional contingency price for one or more of the impacts. 
Members of the panel can then be asked (either at the end of the meeting, or later through 
the post) to vote as to whether the value of the contingency price(s) exceeds that of the 
impact(s). In addition, if a shadow price can be obtained for any one of the impacts, that 
value can be compared to the fractional contingency price that has been calculated for the 
impact. If the shadow price for an adverse impact exceeds the fractional contingency price, 
then the proposal may be judged inefficient. Finally, the analyst may also wish to apply 
dynamic opportunity cost valuation as part of the analysis, if it is thought that the value of 
nonmonetary costs may be expected to increase over time relative to monetizable benefits 
(see Dynamic Opportunity Cost Valuation in Chapter 3). 
• The second general approach is to use what will be referred to as the "comprehensive 
valuation procedure", in which monetary impacts are weighted along with nonmonetary 
impacts, and then the values assigned to both types of impacts on each of two lists are 
aggregated and compared to obtain a direct measure of efficiency. Two variations of this 
approach have been developed. In the first instance, if a direct comparison of the efficiency 
of two competing proposals is wanted, all impads for each proposal can be expressed as 
either benefits or costs. After these are weighted, the results can be aggregated and it can 
be seen which proposal has the greater benefit or cost (see Case Study 4, The Results, in 
Chapter 6). In the second instance, if a single proposal is being evaluated (i.e., being 
compared to the null alternative), then its impacts are to be expressed in terms of costs and 
ben.~fits. After these are wei.ghted, the results can be aggregated to see whether there is a 
net benefit or ~ost (see Case Study 6, The Results, in Chapter 6) .. 
If is, of course, important that the rationale and assumptions underpinning the approach 
taken to the efficiency analysis are clearly explained in the evaluation report. 
After the efficiency analysis has been completed, the proposals must be analyzed in terms of 
the other two evaluation criteria and trade-offs made to identify the preferred alternative. In 
addition to presenting the panelists' judgments pertaining to these criteria, and the way they 
have made the trade-offs, the analyst can also present a reasoned analysis based on cost-benefit 
data obtained for specific groups, and/or expert forecasts on future conditions. Very often, the 
trade-offs will be quite straightforward, particularly if there are only two alternatives. But 
sometimes the trade-off analysis could be quite complex, such as when each of three competing 
proposals excels in terms of one of the criteria. In these cases the analysis should be 
accomplished in a systematic way, guided by a model for making trade-offs, such as that 
discussed in Box 5.2 and illustrated by Figure 5.2. Appendix GG presents an example of a 
questionnaire that can be used by the panelists (or the analyst or decision maker) to guide the 
trade-off process. 
Just as the cost-benefit concept helps the analyst and decision maker judge whether an 
action is efficient or not, when it is applied to groups differently affected by the action the 
concept is useful in.determining whether the action is equitable. If soine groups bear inordinate 
costs and others receive gratuitous benefits, and there is no satisfactory mechanism to achieve an 
acceptable redistribution of costs and benefits, then the action may be rejected even though it is 
efficient. While this type of judgment is obviously highly subjective, a clear formulation of the 
nature and extent of the costs and benefits falling to each group will greatly aid in making and 
defending judgments on questions of equity. 
The cost-benefit concept is less useful but still relevant in analyzing the long-term 
implications of an action. It is extremely difficult to forecast costs and benefits from the point of 
L 
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view of future generations, not only because of the uncertainties associated with residual and 
higher-order impacts, but because future tastes and preferences are unknown, and the 
technological circumstances and economic and environmental conditions in which future 
generations will find themselves will vary from time to time and are extremely difficult to predict 
(Beckerman, 1972, 1974; Seneca and Taussig, 1979). Nevertheless, if there is compelling 
evidence that benefits will exceed costs for this generation only, and significant costs will remain 
for future generations to bear long after benefits have been exhausted, then the action may be 
rejected even though it is both efficient and equitable. While it is virtually impossible to judge 
the social significance of costs and benefits in the remote future (or even judge whether 
particular effects will be regarded as costs or benefits), decision makers surely have a 
responsibility to consider the welfare of future generations (Daly, 1987; Herfindahl and Kneese, 
1974; Kneese and Schulze, 1985; Mishan, 1981; Page, 1977).22 Therefore, an evaluation of the 
potential significance of costs and benefits from the perspective of future generations must be 
explicitly conducted. 
The Rietvlei Case Study: Analysis of Results and the Environmental Evaluation Report 
Although an environmental evaluation report was not prepared for this case study 
(because a decision had been taken before the study was completed), the report 
would have been a straight/ or ward account of the outcome of each of the tasks which 
were undertaken in the course of the study. Most of the necessary material could 
have been directly incorporated from the briefing document, list of potential 
impacts, and impact report (see Appendices CC to FF). The only new material 
needed would have been an analysis of the Delphi meeting results, and a statement 
presenting conclusions and recommendations. 
In this case, the present discounted value of each project had been previously 
est.imated, and the excess monetary value of the marina project had been calculated 
but this was not listed as one of the benefits of the marina project. After the Delphi 
meetings, the project coordinator used the results of the ratio-scoring procedure to 
calculate contingency prices for each of the marina project's nonmonetizable 
impacts. 
Since both projects had unpriced costs, it was first necessary to reduce the 
unpriced costs of the marina project by an amount comparable to the aggregate value 
of the unpriced costs associated with the nature area project. It was assumed that the 
weights given to impacts for both projects could be considered comparable since the 
scores assigned to all impacts had been related to the same base: the "threshold of 
significance" (see Impact Evaluation in this chapter). Therefore, the scores of the 
combined panels for the impacts of both projects were aggregated and normalized, so 
that the relative significance of the two projects' unpriced costs could be calculated 
(see Table 5. 3 ). It was thus determined that the combined scores of marina impacts 
A, E, and H were roughly equivalent to the combined scores of all the nature area's 
impacts (20,76 vs. 20,88), and therefore all the unpriced costs of the nature area 
project could be removed from further consideration by also eliminating unpriced 
costs A, E, and Hof the marina project. This left seven unpriced costs of the marina 
project to weigh against the excess monetary value of the marina project. 
Scores for the marina project's remaining unpriced costs were then summed, 
each score divided by the sum, and each result multiplied by 100. These normalized 
22 In fact, one could argue that given the growing disparity between First and Third World development, the gross 
distributional inequities within many countries, and the potential seriousness of many regional and global 
environmental threats, the traditional ordering and weighting of criteria in project evaluation - efficiency 
effects, equity effects, and intergenerational effects (see Box 5.2 and Figure 5.2) - should be reversed in many 
situations (see Appendix F). 
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scores were then multiplied by the excess monetary value of the marina project 
( R 15, 265, 000) to obtain c·ontingenty prices for each of the impacts (see Table 5. 4 ). 
TABLE 5.3 
Comparison of Marina and Nature Area Impact Weightings 
(Combined Panels) 
Marina Impact 
Weightings 
c - 15,83 
B - 13,94 
A - 12,61 
D - 11,72 
F 8,07 
E 6,38 
I 4,04 
G 3,15 
H 1,77 
J 1,60 
TOTAL 79,11 
Weight of all nature area impacts (20,88) equivalent to 
weight of marina impacts A, E and H (20,76) 
TABLE5.4 
Calculation of Contingency Prices 
ADJUSTED 
MARINA ORIGINAL NORMALIZED 
IMPACT WEIGHTING WEIGHTING 
c 15,83 27,13 
B 13,94 23,89 
D 11,7:~ 20,09 
F 8,07 13,83 
I 4,04 6,92 
G 3,i5 5,40 
J 1,60 2,74 
TOTAL 58,35 100,00 
Nature Area Impact 
Weightings 
E 5,64 
F 5,23 
A 3,19 
D 2,49 
c 2,03 
G 1,43 
B 0,87 
TOTAL 20,88 
CONTINGENCY 
PRICE 
4141427 
3 646 837 
3 066 763 
2 111166 
1056 346 
824 316 
418 264 
15 265 119 
The next step was to select one of these remaining nonmonetary costs for making 
the final efficiency determination. Impact F, "Lost Recreation and Tourism 
Benefits", was selected since this impact seemed relatively easy to imagin~ in 
monetary terms. This impact constitutes 13,8% of the excess impact value of the 
marina project over the nature area project, and so one can consider whether the 
community would be willing to pay approximately R2m over 50 years to maintain 
recreation and tourism benefits associated with the nature area. In order to further 
simplify the analysis, the annual value of the contingency price can be calculated for 
presentation to the panel or decision maker. In this case, if the net present 
discounted value of recreation and tourism benefits is R2, 111, 166 over 50 years at 
10%, and benefits are the same every year, then the annual value of these benefits is 
R2 l 2, 926. 
If resources had been available, it would have been possible to obtain shadow 
prices for recreation and tourism benefits to assist the panel in evaluating this 
fractional contingency price for reasonableness. For example, a willingness to pay 
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survey of metropolitan residents might have revealed whether the nature area's 
recreational benefits are greater than R2 l 3, 000 per annum. Investigations could also 
have been made into current outlays on recreational visits to similar areas, fees paid 
to aquatic and golf clubs in the area, and assessments of the area's attractiveness to 
tourists. In addition, projections of future willingness to pay for such benefits 
(assuming marina benefits would remain stable or decline relative to nature area 
benefits) could have been calculated for the next 50 years .to determine what the 
initial year's recreational and tourism benefits would have to be to meet the 
contingency price requirement for the entire period (see Dynamic Opportunity Cost 
Valuation in Chapter 3). 
After the contingency price for recreational and tourism benefits had been 
calculated, the fallowing question was prepared to aid panelists, concerned parties, 
and decision makers in determining whether the marina project would be more 
efficient than the nature area project: 
"In your judgment. which of the following two outcomes has greater potential for 
making today's society better off?" 
Outcome A - Today's soeiety must forego recreation and tourism benefits of the 
nature area project but will gain benefits worth R2m. 
Outcome B - Today's society will retain recreation and tourism' benefits of the 
nature area project but must forego benefits worth R2m. 
Since it may still be quite difficult to conceptualize the value of R2m, the nature 
of the choice can be further clarified by framing the fallowing question: 
"Would metropolitan residents and visitors from other areas be willing to pay at 
least R213,000 per year for 50 years to maintain recreation and tourism benefits 
associated with the nature area project?" 
If the answer to this question is no, then the marina project is more efficient; if 
the answer is yes, then the nature area project is more efficient. (These questions 
were inf act put to the panel which accomplished the criteria evaluation described in 
Task 8 above.) 
In addition to the efficiency evaluation, the environmental evaluation report 
would have presented the results of the criteria evaluation. Since the participants in 
this evaluation had been unanimous in supporting the nature area proposal qve.r the 
marina proposal, the report would have recommended that Rietvlei-Milnerton 
Lagoon be proclaimed a nature area. 
To sum up, the Delphi evaluation technique indicated that the nature area project 
would be more efficient than the marina project if all unpriced costs are taken into 
account. In addition, the nature area project was judged to be a more equitable use of 
this unique resource, and would also better serve the interests of future generations. 
ASSESSMENT OF THE SIGNIFICANCE MEASUREMENT TECHNIQUE 
Because the principal research objective of this study was to develop a theoretically sound 
and practical way to determine the relative significance of unpriced impacts, special attention 
was given to assessing the potential· of the Significance Measurement Technique for improving 
group judgment.23 . 
23 Although the effectiveness of other techniques and procedures associated with the Panel Evaluation Method 
were not so rigorously assessed, participants in the study seemed generally satisfied with the approach, and no 
fundamental criticisms were received. 
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An analysis of the results of the two Delphi meetings in the Rietvlei study indicates that the 
Significance Measurement Technique was successful in improving group judgment as to the 
relative significance of impacts. Nevertheless, no firm conclusions could be drawn due to the 
fact that the panels differed in some important respects, and both panels were relatively small: 
11 members for Panel X (March 30) and 8 for Panel Y (March 31). The following analysis is 
restricted to the evaluation of impacts associated with the marina proposal since neither panel 
applied the full technique to the nature area proposal. 
Dalkey et al. (1972:57) suggest that three tests can be applied to judge whether an 
evaluation technique has improved group judgment: 
• there should be some convergence with feedback (i.e., the standard deviation should 
decrease over the iterations, indicating greater consensus); 
• judgments should be normally distributed around a single peak (i.e., there should be a 
unimodal rather than a bimodal distribution, indicating that there is a single group point of 
view); and 
• the results should be replicable (i.e., the judgments of any two similar groups should be 
highly correlated). 
Dalkey et al. (1972:57, 81) applied these three criteria to Delphi panels making judgments 
concerning factual information that would not be common knowledge, and to other panels 
making value judgments, and found that these criteria were satisfied to about the same degree 
for both applications; this indicates that Delphi procedures are appropriate for generating and 
assessing value material. 
The results of the two evaluations of marina impacts were also assessed by these criteria and 
it was found that 
• there tended to be convergence of opinion over three iterations, 
• the distribution of ratings for the impacts on the final iteration were generally unimodal 
rather than bimodal, and 
• the weighting scores for the combined lists for each of the two panels were highly 
correlated. 
Table 5.5 presents a summary of the means and standard deviations calculated for the first 
I 
and third iterations of both meetings, which.indicates the extent to which opinions converged 
over the three iterations. Figure 5.10 presents histograms of the impact ratings for the third 
iteration of each meeting, which indicates which impact ratings had normal distributions. Table 
5.6 presents the weightings given to the impacts by each of the two panels, which indicates how 
well the weighting scores were correlated. 
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FIGURE 5.10 Distributions of Ratings for Third Iteration 
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TABLE5.5 
Change in Standard Deviation between First and Third Iteration of Rating 
PANELX PANELY 
30MARCH 31 MARCH 
ITERATION ITERATION 
1 3 1 3 
n 10 11 8 8 
A mean 5,2 5,8 5,4 5,5 
std dev 1,7 1,3 1,5 0,5 
B mean 5,3 5,7 5,4 5,9 
std dev 1,5 1,0 1,2 0,9 
c mean 5,5 5,9 5,5 5,8 
std dev 1,2 1,0 1,0 0,8 
D mean 5,1 5,4 4,8 5,6 
std dev 1,1 0,9 1,7 1,4 
E mean 4,9 5,1 4,1 4,5 
std dev 1,6 1,1 1,3 0,9 
F mean 4,6 4,9 5,4 5,3 
std dev 1,6 1,0 0,5 0,4 
G ·mea~ 3,7 3,0 4,4 4,3 
std dev 2,0 1,8 1,8 .· 1,3 
H mean 2,9 2,9 3,8 3,3 
std dev 0,7 1,1 2,0 1,3 
mean 3,7 4,0 3,8 4,1 
std dev 1,4 1,3 2,3 1,9 
J mean 3,5 3,5 3,4 3,4 
std dev 1,2 1,2 1,4 1,5 
I j 
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TABLE5.6 
Correlation of Adjusted Weighting Scores 
Cost of Marina Project 
A 
B 
c 
D 
E 
F 
G 
H 
I 
J 
TOTAL 
Percent of Total Nonmonetary 
Cost of Project 
First Panel Second Panel 
18,45 12,52 
17,46 17,26 
18,92 20,44 
13,64 15,78 
9,72 6,21 
10,39 10,60 
2,04 6,72 
2,07 2,55 
4,77 6,39 
2,55 1,52 
100,01 99,99 
CORRELATION COEFFICIENT = 0,902 
An examination of the standard deviations calculated for rating scores from both meetings 
(see Table 5.5) reveals that the panelists generally moved toward consensus in their evaluation of 
the importance of each impact. The standard deviation was lower for the third iteration than for 
the first iteration in the case of 8 of the 10 impacts for Panel X and in the case of 9 of the 10 
impacts for Panel Y. In addition, the ratings of each panel in the third and final iteration (see 
Figure 5.10) reveal a normal distribution of responses for 7 of the 10 impacts.24 Nevertheless, 
the standard deviations of several impacts for both panels were rather high (particularly in the 
first iteration), and a significant proportion (30%) of the final distributions could be considered 
bimodal. These results indicate that either insufficient information about the impacts was 
provided to the panelists (no impact report was prepared), or that the value systems of individual 
panelists varied considerably. 
While there may be some question as to whether the first two tests
1 
were adequately 
satisfied, there is less ambiguity on the third test. The correlation coefficient for the weightings 
that were given the impacts by the two panels (see Table 5.6) is over 0.9.25 This result indicates 
that the Significance Measurement Technique yields data on subjective value judgments which 
may be regarded as reliable - i.e., the technique is capable of eliciting judgments as to the 
·relative significance of a list of impacts which are reasonably replicable. 
Another interesting question that was addressed in this case study was whether the 
judgments of a more homogeneous panel would be well-correlated with those of more 
heterogeneous panels. Since a more homogeneous panel might be expected to lack the diversity 
of information and value systems that would be found within a more heterogeneous panel, it was 
postulated that comparisons between two such panels would not be highly correlated. In a 
pretest of the Significance Measurement Technique, a panel comprised of 15 Masters students 
enrolled in a course of Environmental Studies followed essentially the same procedures 
(although they were not involved in the impact identification process), and the results of their 
evaluation were subsequently compared to the results of the other two panels. 
24 A normal distribution was defined as a curve with a single peak which falls away on both sides with no upturns 
that are more than one unit above the lowest measure on each side. 
25 Using a one-tailed test, this is a strong positive correlation, statistically significant at the 99% level. 
j 
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The correlation coefficients derived for this student panel (Panel Z) were 0.68 with Panel X 
and 0.38 with Panel Y. Alth9ugh other factors could have contributed to these results, the 
relatively poor correlations lend support to the notion that the degree of panel heterogeneity can 
have an important influence on the reliability (and perhaps the validity) of judgments concerning 
the relative significance of impacts. 
The question as to whether the Significance Measurement Technique substantially improves 
group judgment, or can be regarded as a reliable evaluation procedure, has not been adequately 
answered by this case study. As mentioned previously, no impact report was provided to the 
panelists, and although every effort was made to ensure that panel size and composition would 
be adequate for both evaluations, several panelists were unable to attend either meeting, or had 
to switch dates, so that fewer panelists attended the second meeting (8 vs. 11), and the 
disciplinary orientation of the panels were dissimilar (e.g., there were more biologists and 
academics on the first panel). The results of this case study were encouraging, however, and so it 
was decided to undertake a more extensive testing programme involving larger and more 
numerous panels. 
Another matter of concern was the fact that, although the judgments made by the two panels 
as to the relative significance of the impacts are highly correlated, there is considerable disparity 
in some of the values given. For example, the significance weights that the two panels assigned 
to two of the impacts - Impact A and Impact G - differ by 6,93 and 3,78 percentage points 
respectively. This would result in the computation of fractional contingency prices that might be 
regarded as differing by a substantial amount. While many of the weightings were very similar, 
and some of the differences in weightings could be due to the fact that the panels were small and 
not well-balanced, the possibility of such discrepancies in valuation of specific impacts could 
discredit the fractional contingency valuation procedure. 
It was therefore decided to use the "comprehensive valuation procedure" in future 
applications of the Significance Measurement Technique. This procedure involves including the 
general financial implications of a proeosal - or, preferably, the present discounted val.ue or ·· 
excess monetary value of the proposal - as an impact to be weighted along with the nonmonetary 
impacts. As previously discussed (see The Relevance of Economic Thinking to Resource 
Allocation in Chapter 3), the ultimate object of comparative evaluation is to determine the 
relative significance of all outcomes associated with two or more proposals, and to judge their 
performance in terms of specified evaluation criteria; monetary measures need !!ill play a major 
role in this process. In fact, in Third World countries such as South Africa, there are often 
inadequate resources to conduct a thorough Cost-benefit Analysis, or to apply shadow-pricing 
techniques which have a sufficient degree of sophistication to instil great confidence. More 
appropriate to this situation are measures which, though somewhat cruder, are at least 
systematic and emphasize the final trade-offs to be made. 
DISCUSSION 
This chapter has presented a Delphi-based method for conducting a formal evaluation of 
controversial resource allocation proposals. The principal aim of this method is to provide a 
reasonable way to organize, improve and articulate group judgments in applying three evaluation 
criteria: efficiency, equity and sustainability. 
To this end, three techniques have been devised and then applied in a case study, and the 
results have been encouraging. These techniques - which are based on Delphi principles of 
anonymous debate, controlled feedback and final displays of group response - are the Impact 
Identification Technique, the Significance Measurement Technique, and the Criteria Trade-off 
Technique. 
The objective of the Impact Identification Technique is to determine what impacts are of 
concern and should be evaluated. The technique involves generating a comprehensive list of 
clearly-defined, discrete "end impacts" through an iterative procedure (usually conducted by 
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post). This iterative procedure is undertaken by an evaluation panel and a group of advisors 
after reviewing a briefing document and making a site visit. The judgments of the participants 
are synthesized and the aggregated list is returned to each individual for comment. Impacts 
which are similar, or appear to overlap or interact, are combined into more general impacts 
which are truly independent. Intermediate impacts are subsumed under the principal, or "end 
impacts", which indicate the ultimate effect on social well-being. The iterative process continues 
until all participants are satisfied with the list of impacts and subimpacts; this list is then used to 
guide environmental investigations and the evaluation process. 
The objective of the Significance Measurement Technique is to determine the relative 
significance of each impact so that judgments can be made as to whether a proposal is efficient 
(or is more efficient than an alternative proposal). This technique also involves an iterative 
process (usually conducted in a meeting situation) which is undertaken by a panel of persons 
respected by all concerned parties. The technique consists of three iterations of rating impacts, 
followed by a rank-ordering of the impacts so that a ratio-scoring procedure can be applied to 
measure the impacts on an interval scale. The ratio-scoring procedure is based_on a concept 
called the "threshold of significance", which assumes that the point at which each panelist would 
first ascribe significance to an impact is effectively a "zero" point which can be used as a 
benchmark for scaling impacts; it is also assumed that the first impact to cross this threshold is 
not far from the threshold in each case, so that the "threshold impact" for each panelist 
constitutes an acceptable common point of origin. 
The objective of the Criteria Trade-off Technique is to determine which alternative 
proposal best satisfies the three evaluation criteria. This technique requires each panelist to 
rank-order the proposals according to each criterion, and then to systematically trade-off the 
criteria to determine which proposal best satisfies all three criteria. The panelists silently and 
independently apply each criterion to the proposals by completing a "personal evaluation 
statement". This statement consists of four short essays (usually one paragraph each) explaining 
the reasoning for the rank-ordering given for each criterion separately and then for all criteria 
taken together. 
Of particular concern was the question as to whether the Significance Measurement 
Technique is capable of providing reliable results. In order to assess the effectiveness of this 
technique, testing was needed to demonstrate whether the technique in fact improves group 
judgment. Therefore a hypothesis was formulated for testing, and an important objective of the 
case study was to test this hypothesis. The results are encouraging: the two panels involved in 
Case Study 3 produced judgments as to the relative significance of impacts that were reasonably 
well-correlated, and other assessment criteria (viz., consensus with feedback, and unimodal 
distribution of response) were substantially satisfied. 
Although the scaling technique seems to provide reasonable measurements of the relative 
significance of impacts, there remains some doubt as to whether the procedure for analyzing 
these results - the fractional contingency price procedure - is conceptually satisfying, or 
sufficiently accurate to make efficiency determinations that can be confidentially def ended. It is 
concluded that other analytical procedures should be considered and tested, and a general 
approach called the "comprehensive valuation procedure" has been presented. 
To sum up, all nine tasks prescribed for undertaking a formal evaluation were addressed in 
Case Study 3 (though not all were fully completed) to assess the general efficacy of the method. 
The results indicate that the method constitutes a sound and practical approach to evaluating 
controversial resource allocation proposals. More particularly, the three principal techniques 
associated with the Panel Evaluation Method appear to satisfactorily resolve the major 
difficulties associated with the evaluation procedures which were applied to Case Studies 1 and 2 . 
(see Chapter 4). 
Nevertheless, it was deemed necessary to conduct further tests to determine, among other 
things, whether different panels will produce replicable results, and to identify the conditions 
that are sufficient for achieving this result. In addition, further applications were desired to 
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demot?-strate .the general flexibility and applicability of the Panel Evaluation Method and its 
ass-Ociated techniques. The next chapter presents the results of further testing and analysis of the 
Panel Evaluation Method in its appiiC'atit:>n"t'&'three addiHo'iiarcase studies . 
.... ...... . 
_J 
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CHAPTER 6 
TESTING AND REFINING THE PANEL 
EVALUATION METHOD: THE EXPERIENCE OF 
THREE ADDITIONAL CASE STUDIES 
OVERVIEW 
This chapter presents the results of three additional case studies which serve to demonstrate 
the general applicability of the method, the flexibility of the procedures used, and the general 
efficacy and utility of the three principal techniques. One objective of this part of the research 
programme was to show how other techniques or approaches for evaluating resource allocation 
proposals can be used in conjunction with the Panel Evaluation Method. 
Special attention is given to assessing the reliability of the Significance Measurement 
Technique. In addition, an attempt was made to identify any conditions which are necessary for 
achieving replicability in the scoring of impacts. To this end, several panels were constituted to 
evaluate identical lists of impacts, but due to a lack of resources it was not possible to design a 
research programme that could adequately test all of the possible variables of interest. 
Among the conclusions drawn from Case Study 3 was that the fractional contingency price 
valuation procedure might be regarded as too complex and imprecise to be accepted by decision 
makers and concerned parties as accurately reflecting the merits of the choice between two 
proposals (see Assessment of the Significance Measurement Technique in Chapter 5). It was 
therefore decided to include monetizable outcomes as impacts to be weighted on lists of impacts 
in future studies, so that all outcomes or impacts would be scored and an efficiency 
determination could then be made directly. Two general approaches were devised for 
accomplishing this. 
In Case Study 4, the approach taken is to express all impacts (including monetary 
considerations) for each of two competing alternatives as benefits only. This approach, in 
addition to providing a means of directly comparing the net benefits of two proposals, also 
reduces the number of lists to be evaluated. This can be done because each proposal offers two 
kinds of benefits: 
• a "direct" benefit that is greater than a comparable benefit offered by a competing proposal, 
or which is of a type not even offered by the competing proposal; and 
• an "indirect" benefit that avoids some adverse impact that would result from the competing 
proposal. 
This makes it possible to produce, for each proposal, a single list of impacts for scoring (it is 
also possible to express all outcomes as costs only). Once these impacts have been scored, then it 
is only necessary to sum the scores to determine which proposal has the greater benefit. It is 
assumed that the threshold impacts for each proposal are approximately equivalent so that they 
effectively constitute a common point of origin. 
Case Study 6 utilizes an alternative approach to calculating the value of all impacts 
(including monetary considerations) associated with a given proposal. This is to produce both a 
list of costs and a list of benefits for the proposal, and then to simply aggregate the group scores 
assigned to the impacts on these two lists to obtain a measure of the net benefit for that proposal. 
If the net benefit is positive, and only the null alternative is being considered, then the proposal 
meets the efficiency criterion. If another proposal is being considered, then its net benefit must 
be calculated (by adding the values assigned to its costs and benefits) for comparison. This 
approach also assumes that the threshold impact on one list is equivalent in value to that on 
another list (i.e., the threshold impact on a list of costs has the same degree of significance as 
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the threshold impact on a list of benefits), or that these values can be adjusted in some way so 
that they can be considered equivalent. 
Case Study 5 addresses several other matters of concern. One is whether the Impact 
Identification Technique is replicable - i.e., whether it is capable of generating a list of impacts 
that would be substantially the same as that produced by another panel. Ahother is the question 
as to whether a panel can produce a list of impacts that would be more complete and more 
clearly defined than one produced by an individual environmental analyst. The third matter of 
concern is the extent to which the project coordinator can influence the panel's judgments 
regarding the identification, definition and scoring of impacts. 
CASESTUDY4 
Background 
The principal research objective of this case study was to further assess the efficacy of the 
Panel Evaluation Method, and particularly the reliability of the Significance Measurement 
Technique, in evaluating controversial resource allocation proposals. This study concerned a 
major water storage scheme that was proposed for the Palmiet River Valley. 
The Palmiet River, about 60 km from Cape Town, is the only remaining major conventional 
water resource for the Greater Cape Town area. After several years of investigating potential 
water storage schemes, the Directorate of Water Affhirs planned development of the river in two 
phases. Work on the first phase, the Upper Palmiet, was begun in the late seventies. For the 
second phase, the Directorate had designed six basic alternative water supply projects affecting 
the Lower Palmiet Valley, as well as several variations of each alternative. All of these schemes 
would partly inundate the Kogelberg State Forest, which is not actually a "forest" but a fynbos 
reserve (the term "fynbos" refers to the vegetation of the Cape Floristic Kingdom, which is the 
most species-dense flora in the world). 
Because the Kogelberg State Forest was widely regarded as the best preserved of the eight · 
major fynbos reserves, conservationists maintained that the costs of any of the projects would 
outweigh the benefits, particularly from the point of view of future generations. The Directorate 
was therefore persuaded to consider a seventh alternative that would not affect the Palmiet 
Valley: desalination of sea water. In addition, the Minister of Environment Affairs appointed a 
special task force, the Palmiet River Environmental Committee, to investigate the potential 
impacts of these alternatives. 
In September 1982 the Palmiet River Environmental Committee requested the School of 
Environmental Studies at the University of Cape Town to conduct a socioeconomic evaluation to 
determine the "value" of the Kogelberg State Forest. In subsequent discussions, the project 
coordinator suggested that the objective should not be to value the Kogelberg State Forest as a 
whole, but rather those parts which would be lost under each alternative. Eventually the 
objective was reformulated, and it was decided that the study should be designed to accomplish 
two things: 
• to ascertain the relative value of all impacts that could result from each of the major 
alternatives under consideration, and 
• to evaluate the alternatives in terms of three criteria: net benefit to society, distributional 
consequences, and implications for future generations. 
Because of the complexity of the evaluation task, and in order to meet deadlines and stay 
within budget, the project coordinator suggested that the study be restricted to three 
alternatives, one of which should be the desalination of sea water to provide an option that would 
not affect the Kogelberg State Forest. The Committee agreed to this, and selected what it 
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considered to be the two most prom1smg alternatives for detailed evaluation; these will 
hereinafter be referred to as the "Dam" and the "Weir". 
The Dam scheme would provide more water storage than the Weir, as well as an opportunity 
to generate hydroelectric power; the Weir scheme (which had been developed in response to the 
demands of conservationists) would minimize the volume of water to be stored in the Palmiet 
River Valley (and therefore avoid damage to several key parts of the reserve) by pumping water 
via a series of tunnels to other storage facilities outside the Kogelberg State Forest. The 
Desalination scheme would be located somewhere on the coast in an area not considered 
environmentally sensitive (possibly in the vicinity of the Koeberg Nuclear Power station, in 
order to take advantage of waste heat from the reactors). 
The Study 
The project coordinator selected the Panel Evaluation Method as the principal means of 
evaluating the alternatives, but other techniques were also used to provide information to 
support the evaluation. In particular, the Contingent Valuation Survey technique and an 
adaptation of the Krutilla technique were utilized to estimate. the present and future willingness 
of water consumers to save all or part of the Palmiet Valley. The data obtained through these 
techniques are presented and discussed in Appendix L. 
Two local panels were formed to independently conduct evaluations in Delphi meetings, and 
three national panels were formed to independently conduct evaluations through the post. The 
two local panels were involved in all aspects of the evaluation, while the national postal panels 
were involved only in applying the Significance Measurement Technique. The object of using 
several panels was to assess the replicability of judgments made by different groups in applying 
the Significance Measurement Technique; of particular interest was the question as to whether 
iterations done through the post would produce the same results as those done in meetings, and 
whether one approach could be judged more effective than the other. 
The "chain-referral technique" was used to identify prospective panelists, and a matrix 
display of prospective panelists was used to aid in the selection of a balanced, multidisciplinary 
panel (see Figure 6.1). For logistical reasons, only the local panels were involved in the impact 
identification and definition process. Members of these two panels were provided with 
background information and then taken to the site, as well as to the Upper Palmiet (Phase 1) 
project. After these visits, the panelists were .asked to independently identify the impacts 
associated with each of the three alternatives and post this information to the project 
coordinator. 
The project coordinator then synthesized the impact definitions; this involved combining 
impact definitions that were essentially the same, re-phrasing where necessary to indicate the 
ultimate or "end impact", and organizing the impacts into a hierarchical structure. The format 
used was to list, for each impact, a banner heading, a precise definition, and a series of 
subimpacts which further clarified the nature of the impact. The resulting document was posted 
to members of the local panels for comment. 
In order to simplify the evaluation process, it was decided, with the agreement of the 
Palmiet River Environmental Committee, to make only two sets of comparisons: the Dam would 
be compared both to the Weir and to the Desalination scheme; the Weir would not be compared 
to the Desalination scheme since both of these options had been proposed as alternatives to the 
Dam in order to conserve part or all of the Kogelberg State Forest. 
Further, it was decided that since what was being evaluated was the relative effects of pairs 
of alternatives, it would be appropriate to state all consequences in terms of either costs or 
benefits and not both. For example, avoiding the costs of one project could be counted among 
the benefits of the other project; even if there is a type of adverse impact that both projects have 
in common, the magnitude of the impact will vary so that avoiding the greater cost of one project 
may be regarded as part of the benefits associated with adopting the other project. In order, 
therefore, to reduce the number of impact lists to be evaluated, all effects were reworded and 
153 
I N S T I T U T I 0 N 
(/) lJ.J 
lJ.J I- ........ c:: 
....... > Vl ::::> ~Cl 0 (lJ (/) 
0 (.!' .,.... (/) (/)co lJ.J +-' (/) lJ.J 
I- -l I- I- .,.... ...J l.J.J c:: 
0.. >- ct: > ct: Vl ct: (/) 0.. 
PRIMARY FI ELD ON LLJ c:: ...... 0 I- us.. ....... .... ao u (.!' (/) ...... (lJ u c:: lJ.J I- z I ::;::: > c:: 0... I-(/) SPEC IALI SAT ION LLJ ::::> ...... -l 
-
lJ.J .,.... lJ.J c:: ct: 0.. -l I-I- > ct: (/) Cl c: ::;::: LLJ >::::> ct: 
ct: ct: 0 u ct: ct: ::::> ::;::: I-
-a I-I- I- c:: 0 ::::> u ......... oz c:: c:: 0 (/) (/) 0... 
-l 0 ct: Ul.J.J 0... (.!' I-
Construction Engineering E Ht l wf 6 
Catchment Management d 1 
Freshwater Research Ls b 3 
Freshwater Supply k 1 
Power Research g 1 
Habitat Preservation Zu j 3 
Habitat, Recreation M 0 Cx 4 Utilisation 
Habitat Research B . ya 3 
Agricultural Research i m 2 
·->-
Agric Production p 1 
En vi ronmenta l Planning 
(Biophysical) Q c s w T 5 
Environmental Planning 
(Socio-economic) v y F vp I u 7 
. 
Public - Political K D zo 4 Decision-makers ' 
Legal n 1 
Commerce A x 2 
Cultural/Historical N 1 
Education g R h 3 
Surveyors, Architects, J e G 3 Town Planners 
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FIGURE 6.1 Completed Matrix to Guide Selection of Panel Members 
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expressed as benefits or advantages of one alternative over another. (The reason why relative 
effects were expressed in terms of benefits rather than costs was to try to give environmental 
evaluation a more positive image.) 
Four lists of impacts were compiled: 
List One - benefits of the Dam in relation to the Weir 
List Two - benefits of the Weir in relation to the Dam 
List Three - benefits of the Dam in relation to Desalination 
List Four - benefits of Desalination in relation to the Dam. 
These lists were forwarded to the local panelists with the request that they.add new benefits, 
redefine benefits, and indicate any benefits which may be considered to overlap or interact. 
Responses to this request were used to reformulate the impact lists for each alternative, and new 
lists were sent to the panelists to ensure that participants were satisfied that all benefits haiJ?een 
identified and clearly defined. Several more comments were obtained, and changes made, until 
agreement was obtained from all panelists that the lists were satisfactory (see Appendix HH). 
The resulting impact lists were used to guide an environmental impact assessment that 
culminated in an impact report (Stauth and Lane, 1983). This impact report was then distributed 
to local and national panels for use in the evaluation procedure. Because of the relative 
complexity of the evaluation process (involving three alternatives and four lists of impacts), and 
to avoid undue repetition, all potential benefits of the three water supply projects were grouped 
under 18 categories of effects to facilitate discussion and comparison. For example, the section 
"Category 1: Effects on Reliability of Water Supply" presented information pertaining to three of 
the four lists: (a) benefits of the Dam in relation to the Weir ("Increases reliability of water 
supply"); (b) benefits of the Dam in relation to Desalination ("Increases reliability of water 
s;upply");· and ( c) benefits of Desalination in relation to the Dam ("Hastens develqpn.ient of more 
secure water supplies"). The analysis presented for each category then followed a uniform 
format, and consisted of material pertaining to five topics: 
• general nature of the effects; 
• magnitude and probability of effects; 
• potential effects on social groups differently affected; 
• timing and duration of effects; and 
• possible secondary effects. 
The impact report consisted of a synopsis of fact and opinion available to the research team 
which could assist panelists in judging the relative significance of the benefits which had been 
identified. An excerpt from the report, to illustrate the kind of information that was provided, is 
presented in Appendix II. 
The local panels met separately in November 1983, and followed the previously-described 
evaluation procedures (see Tasks 7 and 8 in Chapter 5). The first task was concerned with 
determining the refative significance of impacts. This involved, for each list of items under 
consideration, three ratings with feedback, followed by a final rating and a ranking, and then 
accomplishing a ratio-scoring procedure based on the "threshold of significance" concept (see 
Impact Evaluation in Chapter 5). The second task was to apply the evaluation criteria to judge 
which proposal would be in the overall best interes~s of society. 
Since it was felt that a panel could not be expected to work effectively for more than a half 
day, and since it would not be possible to complete the rating, ranking and weighting of all four 
lists in that time, it was decided to undertake part of the evaluation by post. During the 
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meetings, Panel A evaluated the two lists associated with the Dam and the Weir, and Panel B 
evaluated the two lists associated with the Dam and Desalination. Each panel subsequently 
performed the other set of evaluations through the post so that comparisons could be made 
between these different methods of conducting an evaluation, and so that comparisons could be 
made between these two panels and the three postal panels. 
Before the postal panel evaluations could take place, the project coordinator had to go 
overseas and another researcher conducted the postal evaluations, compared all the results, and 
compiled the final report for the Palmiet River Environmental Committee (Butcher, 1986). 
Subsequently, after the project coordinator returned, there was an opportunity to conduct still 
more Delphi meetings to further assess the reliability of the ratio-scaling procedure. These 
meetings were concerned with evaluating only the Dam and the Weir (Desalination was dropped 
because of various constraints). 
In November 1986 two panels were formed from a multidisciplinary group of professionals 
enrolled in a short course on Environmental Impact Assessment offered by the Environmental 
Evaluation Unit of the Department of Environmental and Geographical Science at the 
University of Cape Town. Both panels were taken on a site visit and given documentation that 
included the two lists of benefits and relevant excerpts from the original impact report (Stauth 
and Lane, 1983). One of the principal objectives was to determine whether these panels, which 
had not been involved in the impact identification and definition process but would accomplish 
the evaluations in a meeting situation (rather than by post), would produce scores similar to 
those of the original panels. 
In November 1987 the same exercise was repeated with a different group of professionals 
enrolled in the same course, along with a third panel comprised of Masters students in 
Environmental Studies. This student panel was a more homogeneous group than the any of the 
other nine panels (all of which were comprised of working professionals with a greater diversity 
of experience and interests), and it was expected that there would be greater differences between 
the weightings of the student panel and those of each of the professional panels.than there would 
be between the latter. 
The Results 
The two local panels jointly applied the Impact Identification Technique, and this resulted 
in a total of 41 comparative effects to be evaluated (see Appendix HH): 
• List One - the Dam had 14 benefits when compared to the Weir; 
• List Two - the Weir had 6 benefits when compared to the Dam; 
• List Three - the Dam had 9 benefits when compared to Desalination; and 
• List Four - Desalination had 12 benefits when compared to the Dam. 
Once the impacts (benefits) had been defined, the two panels conducted a comparative 
evaluation of the benefits associated with two pairs of alternatives (Lists One and Two on the 
one hand, and List Three and Four on the other) using the Significance Measurement Technique. 
Subsequently, over a period of several years, an additional eight Delphi panels (including the 
student panel) conducted evaluations comparing the benefits of one or both pairs of alternatives; 
these panels did not apply the Impact Identification Technique, but used the same lists of 
benefits generated by the two local panels. 
For ease of reference, an alphabetical symbol for each panel involved in the Palmiet case 
study is assigned below; each panel designator is followed by the number of members comprising 
the panel and the year the panel conducted its evaluation. 
Panel A (Local Panel): 14 members; 1983. 
Panel B (Local Panel): 13 members; 1983 
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Panel C (Postal Panel): 17 members; 1984 
Panel D (Postal Panel): 19 members; 1984 
Panel E (Postal Panel): 24 members; 1984 
Panel F ("Short Course" Panel): 18 members; 1986 
Panel G ("Short Course" Panel): 18 members; 1986 
Panel H ("Short Course" Panel): 22 members; 1987 
Panel I ("Short Course" Panel): 19 members; 1987 
Panel J (Student Panel): 7 members; 1987 
Each of these panels accomplished the prescribed rating, ranking and weighting procedures 
comprising the Significance Measurement Technique (see Impact Evaluation in Chapter 5) to 
obtain a group judgment as to the relative significance or value of the listed benefits of one or 
both pairs of alternatives. Some of the panels also applied the Criteria Trade-off Technique and 
completed individual personal evaluation statements (see Application of Selection Criteria in 
Chapter 5) in which panelists were asked to explicitly apply the three evaluation criteria so that 
the alternative judged superiour in terms of' all the criteria taken together could be 
systematically identified. 
Because the principal object of the research was to test and refine the Significance 
Measurement Technique, emphasis was placed on satisfactorily completing the ratio-scoring 
procedure, and for a variety of reasons not all the panels were asked to complete the personal 
evaluation statements. For each panel, the relative importance of benefits associated with each 
pair of alternatives was measured in the following mann~.r (Table 6.1 illustrates the results of 
steps 2 and 3 of the procedure as it was applied tci the results produced by Panel F): 
• The weighting scores given by the panelists to all benefits on both lists were combined and 
summed. 
• Each score on both lists was then divided by the resulting sum to obtain a new percentage 
score. These scores were then averaged for each impact to obtain a panel score. 
• The panel percentage scores were then separated back into the original two groups (lists of 
benefits) and summed to determine which alternative received the higher total score. 
This procedure can be regarded as valid only if it is assumed that there is an acceptable 
subjective point of origin, common to all panel.ists on a given panel, from which all benefits on 
both lists were scaled. It was felt that the "threshold of significance" concept provides a 
reasonable psychological datum point that satisfies the problem of subjectiye origins (see Impact 
'Evaluation in Chapter 5), and that an acceptable test of this concept is whether two panels using 
the same material and procedures can produce replicable results. 
In November 1983 Panel A evaluated Lists One and Two in a Delphi meeting, and Panel B 
evaluated Lists Three and Four in a separate Delphi meeting. Subsequently, Panel A evaluated 
Lists Three and Four by post, and Panel B evaluated Lists One and Two by post. Panels C, D and 
E evaluated both pairs of alternatives by post, whereas the remaining panels (F, G, H, and I) only 
evaluated the choice between the Dam and the Weir and conducted these evaluations in a 
meeting situation. 
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TABLE6.1 
Illustration of Procedure for Determining Final Weighting Scores for Proposals 
1. PANEL F: RAW DATA, COMBINED LIST 
OAMvsWEIR 
1A 1B lC 1D 1E lF lG 1H 11 1J lK lL lM lN 
' RESPONDENfS 
1 303040 30 
30 
60 
70 
22 
55 
10 40 10 
20 
12 
65 
20 
10 
2 40_60 30 0 20 
3 0 100 70 0 30 
4 80 85 130 10 50 
5 25 45 50 0 30 
6 0 20 60 0 30 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
030807015 
0 50 75 80 14 
10 20 20 15 0 
0 30 32 34 13 
0 15 30 20 10 
10 25 40 30 16 
18 26 40 30 10 
10 60 80 60 25 
24 28 36 26 20 
0304060 0 
0 80 50 20 0 
15 100 350 150 45 
65 20 
17 11 
15 0 
18 16 
50 20 
14 18 
35 15 
40 50 
32 16 
20 0 
15 40 
0 90 
0 0 30 50 
0 0 45 10 
10 16 20 102 
20 40 90 120 
15 12 40 70 
0152025 
0 
15 
10 
0 
30 
17 
25 
15 
11 
10 
10 
20 
0 
13 
10 
14 
10 
15 
16 
60 
13 
0 
10 
40 
60 25 
30 70 
15 25 
20 45 
40 50 
20 80 
43 45 
70 100 
25 33 
30 60 
30 60 
25 300 
15 
10 
15 
30 
60 
12 
40 
12 
10 
10 
15 
11 
20 
15 
19 
20 
0 
35 
0 0 
20 35 
14 72 
22 110 
0 10 
0 0 
10 
16 
0 
0 
10 
13 
22 
25 
10 
0 
0 
10 
0 
10 
10 
12 
10 
12 
12 
40 
17 
0 
45 
30 
2. NORMALISED DATA (PERCENT OF INDIVIDUAL TOTALS) 
OAMvsWEIR 
1A 1B lC 1D 1E lF 1G 1H 11 1J lK lL lM lN 
RESPONDENTS 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
I4 
I5 
I6 
17 
I8 
7,0 7,0 9,3 7,0 2,3 9,3 2,3 0,0 0,0 7,0 11,6 3,5 0,0 0,0 
U ~ ~ ~ M ~~-MM 9,3 2,I 2,1 4,1 
2,2 2,7 13,9 2,0 I,9 
I,6 3,3 7,3 9,8 2,4 
7,2 
9,8 
9,0 
I,4 
0,0 
0,0 
I,9 
0,0 I3,6 9,5 8,2 0,0 4,1 I,6 
6,5 6,9 I0,6 5,7 0,8 4,1 5,3 
I,4 
I,8 
8,5 0,0 3,6 6,4 7,I 3,1 
0,0 4,I 12,4 11,4 
0,0 4,3 11,6 10,1 
0,0 9,5 I4,2 I5,2 
4,2 8,3 8,3 6,3 
0,0 6,6 7,0 7,5 
0,0 2,7 5,4 3,6 
2,3 5,7 9,2 6,9 
3,0 4,4 6,7 5,0 
1,1 6,8 9,I 6,8 
5,9 6,9 8,8 6,4 
0,0 5, 7 7,6 11,4 
0,0 11,3 7,0 2,8 
0,7 4,7 I6,6 7,I 
5,7 9,9 
4,1 5,2 2,5 0,0 
0,0 4,3 2,8 2,I I,7 
0,0 6,2 2,1 0,0 3,1 
2,2 9,4 2,9 0,0 0,0 8,7 3,6 5,8 I,4 
2,8 2,5 5,7 13,3 2,3 3,0 2,7 3,2 2,I 
0,0 6,3 0,0 4,2 4,2 
2,9 3,9 3,5 0,0 3,I 
6,3 10,4 
4,4 9,9 
4,2 0,0 4,2 
2,2 0,0 2,6 
I,8 8,9 3,6 5,4 I,8 7,I 1,8 1,8 
3,7 3,2 4,1 
I,7 5,9 2,5 
2,8 4,5 
3,9 3,4 4,6 I8,3 
2,7 7,2 7,5 
8,9 2,7 
2,5 3,0 2,8 
3,4 3,7 2,0 
I,7 2,8 4,5 
4,7 2,5 
5,7 
4,9 7,9 3,9 
0,0 3,8 0,0 
0,0 2,1 5,6 
4,2 
I,7 6,8 8,0 11,4 
2,7 3,2 6,1 8,I 
1,9 0,0 5,7 11,4 
I,4 4,2 8,5 I,4 
2,1 0,0 4,3 0,9 1,9 I,2 I4,2 I,4 
4,2 
3,8 0,0 0,0 
0,0 6,3 
1,7 0,5 
0,0 
WEIRvsOAM 
2A 2B 2C 20 2E 2F 
0 
0 
10 
10 
0 
0 
30 
0 
0 
10 
0 
0 
15 
10 
11 
20 
0 
0 
20 100 
40 50 
35 50 
60 110 
30 150 
30 100 
60 100 
15 60 
20 30 
20 80 
20 100 
15 60 
50 70 
20 60 
16 26 
20 100 
40 200 
60 500 
WEIRvsOAM 
0 15 
10 45 
30 55 
25 70 
10 100 
10 80 
10 50 
0 30 
0 20 
15 65 
10 40 
0 30 
10 55 
40 100 
10 20 
0 100 
10 80 
10 300 
10 
20 
33 
30 
15 
15 
25 
10 
10 
22 
80 
10 
40 
0 
14 
15 
20 
30 
2A 2B 2C 20 2E 2F 
0,0 4,7 23,3 0,0 3,5 
0,0 8,2 10,3 2,1 
1,4 4,8 6,8 4,1 
9,3 
7,5 
0,8 4,9 9,0 2,0 5,7 
0,0 4,3 21,3 
0,0 6,2 20,7 
4,3 8,7 I4,5 
1,4 I4,2 
2,1 I6,6 
1,4 7,2 
0,0 2,8 11,4 0,0 5,7 
0,0 8,3 12,5 0,0 8,3 
2,2 4,4 17,5 3,3 I4,3 
0,0 3,6 17,9 I,8 7,I 
0,0 3,4 13,8 0,0 6,9 
2,5 8,4 li,7 I,7 9,2 
1,1 2,3 6,8 4,5 11,4 
2,7 3,9 6,4 
3,8 3,8 I9,0 
0,0 5,6 28,2 
0,0 2,8 23,7 
2,5 4,9 
0,0 I9,0 
I,4 11,3 
0,5 I4,2 
2,3 
4,1 
4,5 
2,4 
2,I 
3,I 
3,6 
I,9 
4,2 
4,8 
I4,3 
2,3 
6,7 
0,0 
3,4 
2,9 
2,8 
1,4 
3. AVERAGES FOR PANEL; SUBTOTALLED FOR (1) DAM and (2) WEIR 
OAMvsWEIR 
1A 1B IC 1D 1E IF lG 1H 11 1J IK lL IM lN 
2,4 7,1 9,3 7,3 I,5 5,1 3,1 I,9 2,3 5,9 9,9 3,1 1,5 3,3 
64 
(1) 
WEIRvsOAM 
2A 2B 2C 20 2E 2F 
1,0 5,1 15,3 I,6 9,8 3,7 
36 
(2) 
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TABLE 6.2 
Comparison of Final Weighting Scores 
Calculated for Both Pairs of Proposals by Nine Different Panels 
Panel A B c D E F G H I 
Dam 67 59 66 69 74 64 66 72 71 
Weir 33 41 34 31 26 36 34 28 29 
Dam 32 30 40 41 42 
Desalination 68 70 60 59 58 
All panels found that the value of benefits associated with the Dam were greater than those 
of the Weir, and all of the panels which evaluated the choice between Desalination and the Dam 
found that the benefits of Desalination were greater than those of the Dam. Table 6.2 presents 
the final scores given by each panel to each pair of alternatives under evaluation. It can be seen 
that the ratio of values in each comparison of total benefits is approximately the same for each 
panel. This indicates that the threshold of significance concept constitutes a common point of 
origin for each pair of lists for all panels. 
TABLE6.3 
Results of Personal Evaluation Statements 
PANEL Efficiency Equity Sustainability Overall 
A: DAM 5 2 0 3 
WEIR 5 3 11 11 
UNCERTAIN 4 9 3 0 
,..9' ...... ' 
F: DAM 8 7 1 3 
WEIR 9 10 17 15 
UNCERTAIN 1 1 0 0 
G: DAM 8 3 1 3 
WEIR 3 4 14 12 
UNCERTAIN 7 11 3 3 
I: DAM 15 8 3 9 
WEIR 3 2 8 7 
UNCERTAIN 1 9 8 3 
B: DAM 4 7 2 3 
WEIR 9 0 11 10 
UNCERTAIN 0 6 0 0 
As stated earlier, not all panels were able to complete personal evaluation statements. Two 
of the panels (H and J) ran out of time before they could undertake this part of the evaluation, 
and due to an oversight the researcher who had taken over the postal iterations while the project 
coordinator was overseas did not ask for these statements from the postal panels. 
Personal evaluation statements were completed for the choice between the Dam and the 
Weir by members of Panels A, F, G and I. In addition, personal evaluation statements were 
completed for the choice between the Dam and Desalination by members of Panel B. In each of 
these cases, panelists were asked to write a short essay comparing the two alternatives under 
consideration in terms of the specified evaluation criteria, and to make a final judgment as to 
• which alternative was more efficient 
• which was more equitable 
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• which was more sustainable (i.e., was in the best interests of future generations) and 
• which was in the best overall interests of society. 
The final judgments are presented in Table 6.3. 
Assessment of the Evaluation 
As in previous case studies, the objectives and scope of the study had to be re-defined, and 
several discussions had to be held to decide what research techniques would be most appropriate 
to this case. During the course of these discussions, for example, an important policy matter was 
explained that influenced the study design. This again demonstrates the crucial importance of 
holding discussions with the initiators of the study to determine just what is wanted, what is 
possible, and what should be done. Unlike many environmental evaluations, the proponent in 
this case (the Directorate of Water Affairs) allowed the research team considerable time to 
design the study and undertake needed investigations; in addition, much thought had already 
been given to alternatives and attempts at finding a compromise that would satisfy the various 
interested parties. 
The Panel Evaluation Method went smoothly and had a high degree of acceptance by the 
participants and the client. The impact lists were considered comprehensive and clear, but some 
panelists felt uncomfortable with the idea of including among the benefits of a project the costs 
(of another project) that would be avoided. The impact report was well-received, and several 
panelists said it proved extremely useful as a reference tool while performing the tasks of the 
Significance Measurement Technique. 
Panelists experienced several problems with applying the three evaluation criteria: in all 
cases it was done in rather a hurry at the end of the Delphi meeting, and there were considerable 
differences of opinion. Although the panelists generally felt that the layout of the personal 
evaluation statement assisted them in "thinking through" each criterion and then making trade-
off s between the criteria, an analysis of the replies indicated that ,11faily respondents either did 
not understand the meaning of one or more criteria, or did not know how to apply them. Several 
panelists just listed pros and cons and did not come to any clear judgments; many statements 
were not completed and many responses could not be interpreted (which is why so many had to 
be classified as "uncertain" in Table 6.3). It is obvious that the format and instructions were not 
sufficiently clear, the criteria were not adequately defined (particularly the equity criterion), and 
insufficient time was allowed for applying the criteria. More time, better explanations and the 
use of an iterative procedure (such as was used to make the efficiency determination) are needed 
for this crucial task. 
Because the central objective of the research for this dissertation was to develop and 
demonstrate an acceptable technique for judging the relative significance of lists of impacts to 
aid in the efficiency determination and to highlight major concerns, most of the effort for this 
case study (as well as for the other case studies) was directed at testing and improving the 
Significance Measurement Technique. As previously mentioned, ten panels evaluated impacts 
related to the Palmiet study. The following assessment focuses on applying the three tests to 
nine of the panels, which were specifically constituted for this purpose.1 Five of these nine 
panels rated, ranked and weighted all four lists of impacts; the other four panels performed these 
operations for only two of the four lists (the ones concerned with comparing the Dam to the 
Weir). In the following sections, the evaluations of these panels will be analyzed in terms of the 
three tests mentioned above: the degree to which there is convergence with feedback, the pattern 
of the final distribution of responses, and the reliability of the results. 
The tenth panel, Panel J - which was comprised of students doing a course in environmental studies - was a 
small panel which applied the Significance Measurement Technique as a class exercise. This panel was not 
originally intended to be part of the study. Nevertheless, it was later decided to include the student panel in 
part of the analysis - viz., application of the test concerning replicability of results. 
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Convergence with Feedback 
Appendix M presents, for each panel in turn, the standard deviations for group ratings of 
the various impacts on each list over each of three iterations. Unfortunately some of the panels 
varied in size over the three iterations, so that the measures of standard deviation are not always 
strictly comparable. Nevertheless, it can be seen that in most cases the extent to which panelist 
ratings differ decreases with each iteration; this indicates that the group response generally 
moves towards consensus with feedback. In fact, in 271 out of 285 cases the standard deviation 
of the third iteration was lower than that of the first. Moreover, although the third iteration of 
rating did not always result in greater consensus than the second, the third iteration generally 
resulted in greater consensus than did the second iteration: in 49 cases the standard deviation 
remained the same, but the third iteration produced greater agreement in 213 of the 236 cases in 
which there was a difference between these two iterations.2 
In 178 cases (62%) there was a continuous decline in standard deviation over the three 
iterations of rating. In 14.cases (5%) the standard deviation for the third iteration was the same 
or higher than that for the first iteration. For the remaining 93 cases (33%), the standard 
deviation for the third iteration was lower than that for the first iteration, but in 27 cases (10%) 
the standard deviation for the second iteration was not lower than that for the first iteration, and 
in 66 cases (23%) the standard deviation for the third iteration was the same as or higher than 
that for the second iteration. 
The fact that convergence with feedback has been demonstrated does not necessarily mean 
that group judgment has been improved. It is possible that some panelists change their rating 
simply because they feel uncomfortable that their rating is relatively far from the group mean. 
The technique is designed to draw attention to areas of greater disagreement amongst the 
panelists, and it seems reasonable to assume that those panelists whose rating is nearer the group 
mean will give less consideration to changing their rating than those who are further from the 
group mean. In addition, this latter group will often be at one extreme of the r~ting scale, so that 
there will be a greater chance of movement toward a less extreme position. Finally, the panelists 
at extreme positions will tend to search for reasons why their judgment should be changed in the 
direction of the group mean, and feel a subtle pressure to do so (even though their judgments are 
anonymous), simply because their attention is concentrated in that direction rather than in the 
opposite direction, and since many people find it psychologically uncomfortable to take a 
minority position. 
Nevertheless, Dalkey et al. (1972) found in experiments with almanac-type data that a high 
degree of consensus was a good indicator of accuracy. There may therefore be little need to 
reconsider judgments for which there is relatively great agreement, whereas it is useful to direct 
attention toward those areas for which there is disagreement so that they can be re-considered. 
The object is to produce a better group judgment, and surely re-evaluation can contribute 
positively to that goal. It is important, however, to instruct the panelists in very strong terms to 
think independently and not change any judgments just to conform with the group thinking. 
Distributions of Responses 
Appendix N presents, for each impact list in turn, the histograms for the third (and final) 
iteration of rating by each panel. For the purposes of this analysis, a unimodal distribution has 
been defined as a distribution which is described by a curve with a single peak which falls away 
on both sides with no upturns that are more than one unit above the lowest measure on each side. 
A bimodal distribution has been defined as one in which the distribution involves a second peak 
of at least two units above the lowest measure on one side. Using this definition, a high 
proportion of the histograms in Appendix N have a single-peaked or unimodal distribution: of 
2 There thus seems to be a strong case for conducting three iterations of rating, whereas two iterations of impact 
identification may normally be adequate. This latter point is indicated by the experience in all four case studies 
in which the Impact Identification Technique was applied, and is also supported by results reported in Richey et 
al. (1985a) (see Impact Evaluation in Chapter 5). 
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the 285 distributions of 3rd iteration ratings, 242 (85%) are considered unimodal. This indicates 
that panelists broadly share the same information and viewpoint (e.g., there is no divergence of 
opinion between two groups of individuals within the panel). There are, however, a total of 43 
twin-peaked or bimodal distributions, and more than half of the 41 impacts had at least one case 
of bimodal distribution. 
Of the 41 impacts comprising the four lists, 16 (39%) had no bimodal distributions for their 
combined 96 distributions, but the remaining 25 impacts had from one to three distributions 
each. These bimodal distributions could either be due to different interpretations of the data or 
different value systems, but the fact that a high proportion of the impacts had unimodal 
distributions, and these were concerned with a range of issues dealing with a wide variety of 
values, indicates that the principal reason for the bimodal distributions was that the impact 
report did not present sufficient information to permit a clear interpretation of these impacts. 
The incidence of bimodal distributions within the four lists ranged from 10% (6 of 60) for 
List Four (the benefits of Desalination compared to the Dam), to 19% (24 of 126) for List One 
(the benefits of the Dam compared to the Weir). For the other two lists, the incidence of 
bimodal distributions were 11%and15% (see Table 6.4). The relatively high number of bimodal 
distributions for List One is likely due to the fact that the advantages of the Dam over the Weir 
are more subtle and probably more difficult to interpret than the differences between the other 
lists. 
Alternative 
Dam vs Weir 
Weir vs Dam 
Dam vs Desalination 
Desalination vs Dam 
TABLE6.4 
Incidence of Bimodal Distributions for Each List 
Proportion of distributions 
which is bimodal 
24 of 126 
6 of 54 
7 of 45 
6 of 60 
% 
19 
11 
15 
10 
The incidence of bimodal distributions for panels A through E (which had evaluated all four 
lists) averaged 13%, while that for Panels F through I (which had evaluated only two lists) 
averaged 19%. Panels A, C and D had the lowest incidence of bimodal distributions 10%, 10% 
and 12% respectively), while Panels G, E and B had the highest (30%, 20% and 17% 
respectively) (see Table 6.5). Since there a~e no obvious differences between these two 
groupings of panels, it is not clear why one should have had more bimodal distributions than the 
other. 
Panel 
A 
B 
c 
D 
E 
F 
G 
H 
I 
TABLE6.5 
Incidence of Bimodal Distributions for Each Panel 
Proportion of distributions 
which is bimodal 
4 of 41 
7 of 41 
4 of 41 
5 of 41 
8 of 41 
3 of 20 
6 of 20 
3 of 20 
3 of 20 
% 
10 
17 
10 
12 
20 
15 
30 
15 
15 
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The high proportion of unimodal distributions (85%) indicates that the information that was 
provided to the panelists pertaining to each impact was generally not subject to more than one 
interpretation. In addition, this result indicates that the panels were so constituted that a range 
of value systems was represented, rather than two or more groupings of persons holding extreme 
positions on the issues. Finally, the relatively low incidence of bimodal distributions in the final 
iteration indicates that the method was successful in avoiding polarization during the evaluation 
process. 
Reliability of Results 
Table 6.6 presents, for each of the four lists of benefits in turn, the average weight each 
panel gave to each impact. Table 6.7 presents correlation matrices which reveal, for each list, the 
degree of agreement between each pair of panels as to the relative significance of the benefits on 
that list. The product-moment correlation coefficient was calculated for the weights given each 
impact as a result of the ratio-scoring procedure. For example, in order to compare the 
similarity of judgments made by Panels A and B as regards the significance of impacts on List 
One (the benefits of the Dam in relation to the Weir), the average weights given each of the 12 
benefits by the members of Panel A were compared to those given by the members of Panel B, 
and the correlation coefficient was determined to be 0.91 (see Table 6.7). 
All nine panels evaluated Lists One and Two (Dam/Weir and Weir/Dam), but only five of 
the panels evaluated Lists Three and Four (Dam/Desalination and Desalination/Dam), 
resulting in a total of 28 separate evaluations involving the four lists. This meant that 
comparisons could be made between 36 pairs of panels for List One and 36 for List Two, and 
between 10 pairs of panels for List Three and 10 for List Four. Therefore a total of 92 
correlation coefficients were calculated comparing average weightings given to the same list of 
impacts by two panels. 
The results of these 92 correlations are summarised in Table 6.8. As can be seen, nearly half 
are greater than 0.9; 86 (93%) are greater than 0.7; and only 6 of the 92 are less than 0.7. 
'·-.·· . 
The highest correlations were for List Two (Weir/Dam), and the lowest were for List One 
(Dam/Weir). All six correlations under 0.7 were for List One, which was the longest list (14 
items) and involved the most complex trade-offs; List Two was the shortest list (6 items), and 
involved comparatively simple evaluations. 
Of the six correlations under 0.7 (all from list one), three involved Panel I, three involved 
Panel B, and two involved Panel D. An attempt to account for differences in the correlations 
between the panels was not successful. Because of budgetary and other limitations on the 
research design, it was not possible to control the possible variables of interest and there are too 
many variables to attribute higher or lower correlations to any one variable. Some of the ways in 
which the panels differed included: 
• the number of individuals on the panel; 
• whether the panels made a site visit; 
• whether they performed the evaluation at a single meeting or by post; 
• whether they were involved in defining the impacts to be evaluated; 
• whether they did the evaluations prior to or after 1985; 
• whether they were formed specifically for the purpose of the evaluation or consisted of a 
group existing for another purpose; and 
• whether the members of the panel resided in the Cape Town area. 
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TABLE6.6 
Weightings Given by Each Panel to Each Benefit 
(Final average normalised weightings for each panel, as used to determine correlation 
coefficients between panels.) 
PANELS: A B c D E F G H I 
Benefits: A 4,7 8,3 7,0 11,3 10,7 3,5 4,7 5,0 3,2 
DAM vs B 8,7 9,2 11,0 9,2 14,1 11,2 13,0 7,5 9,6 
WEIR c 8,7 9,8 13,8 16,0 9,4 14,8 14,2 13,3 15,0 
D 11,3 8,1 12,7 11,6 11,1 11,6 10,0 8,8 11,2 
E 1,9 1,0 0,9 2,3 0,3 2,3 3,8 2,6 1,6 
F 15,1 21,5 13,6 9,6 15,0 8,1 11,5 12,8 1,5 
G 3,0 1,6 3,7 5,2 4,3 5,0 4,4 7,6 6,4 
H 9,7 6,4 4,8 3,4 3,9 3,0 3,5 5,4 3,7 
I 1,7 0,7 1,3 0,3 1,5 3,5 3,3 3,4 3,7 
J 8,l 11,2 7,3 6,5 7,7 9,3 9,2 . 11,2 10,6 
K 15,6 18,4 17,2 13,2 14,5 15,6 15,6 14,1 15,9 
L 5,2 1,5 2,0 4,4 1,4 5,0 3,2 2,9 2,6 
M 2,3 1,6 2,1 2,8 2,3 2,2 0,8 2,8 2,7 
N 3,8 0,5 2,7 4,5 4,1 5,0 2,3 2,6 2,3 
WEIR VS A 2,5 0,6 3,4 5,4 0,0 3,0 4,7 4,0 2,9 
DAM B 23,8 21,5 14,6 17,6 20,8 14,4 16,5 24,3 19,2 
c 41,4 38,3 34,9 29,2 43,0 41,1 37,4 34,7 46,9 
D 3,5 8,7 8,8 9,8 6,3 4,8 5,8 10,5 7,5 
E 19,5 17,4 24,1 21,7 19,2 26,5 22,7 10,5 11,5 
F 9,3 13,5 14,1 16,5 10,7 10,2 12,8 16,0 12,0 
PANELS: A B c D E 
Benefits: A 25,0 18,8 14,4 14,9 17,1 
DAM vs B 18,6 16,1 19,0 14,1 24,6 
DESALINATION c 15,5 9,0 14,8 14,8 12,5 
D 22,2 21,5 18,0 19,1 22,5 
E 12,2 17,5 15,1 19,3 10,3 
F 0,4 6,5 2,8 5,1 4,1 
G 3,5 5,9 10,8 5,1 5,2 
H 1,8 3,9 3,4 6,3 1,3 
I 0,7 0,9 1,6 1,5 2,3 
DESALINATION A 15,7 15,5 16,4 14,5 10,3 
vs DAM B 2,5 0,7 0,6 2,9 1,3 
c 4,8 4,3 6,0 6,2 5,0 
D 19,6 28,9 17,3 13,7 23,5 
E 9,1 6,9 9,1 9,1 10,2 
F 4,6 7,6 4,7 6,5 3,8 
G 10,5 10,0 16,0 11,2 11,8 
H 13,7 7,1 13,7 9,9 14,4 
I 13,8 9,8 9,6 16,8 i4,0 
J 1,4 2,4 2,5 4,8 2,1 
K 0,6 0,6 0,8 1,5 0,2 
L 3,8 6,3 3,3 2,9 3,3 
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TABLE6.7 
Correlation Matrices Showing Degree of Agreement between Each Pair of Panels 
DAM vs WEIR 
A B c D E F G H I 
A 0,91 0,89 0,68 0,82 0,73 0,80 0,82 0,53 
B 0,91 0,88 0,69 0,88 0,67 0,81 0,87 0,46 
c 0,89 0,88 0,90 0,92 0,90 0,94 0,90 0,74 
D 0,68 0,69 0,90 0,82. 0,83 0,83 0,78 0,73 
E 0,82 0,88 0,92 0,82 0,75 0,85 0,78 0,55 
F 0,73 0,67 0,90 0,83 0,75 0,94 0,85 0,91 
G 0,80 0,81 0,94 0,83 0,85 0,94 0,90 0,81 
H 0,82 0,87 0,90 0,78 0,78 0,85 0,90 0,75 
I 0,53 0,46 0,74 0,73 0,55 0,91 0,81 0,75 
WEIR vs DAM 
A B c D E F G H I 
A 0,98 0,92 0,93 0,99 0,94 0,96 0,91 0,94 
B 0,98 0,93 0,95 0,99 0,92 0,95 0,95 0,96 
c 0,92 0,93 0,98 0,95 0,99 0,99 0,77 0,87 
D 0,93 0,95 0,98 0,95 0,96 . 0,97 0,82 0,86 
E 0,99 0,99 0,95 0,95 0,95 0,97 0,92 0,96 
F 0,94 0,92 0,99 0,96 0,95 0,99 0,75 0,88 
G 0,96 0,95 0,99 0,97 0,97 0,99 0,82 0,91 
H 0,91 0,95 0,77 0,82 0,92 0,75 0,82 0,95 
I 0,94 0,96 0,87 0,86 0,96 0,88 0,91 0,95 
DAM vs DESALINATION 
A B c D E 
A 0,90 0,87 0,85 0,91 
B 0,90 0,86 0,92 0,86 
c 0,87 0,86 0,88 0,90 
D 0,85 0,92 0,88 0,78 
E 0,91 0,86 0,90 0,78 
DESALINATION vs DAM 
A B c D E 
A 0,86 0,93 0,91 0,95 
B 0,86 0,79 0,71 0,86 
c 0,93 0,79 0,84 0,88 
D 0,91 0,71 0,84 0,83 
E 0,95 0,86 0,88 0,83 
- ---------------------------~ 
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TABLE6.8 
< 0.7 0.7+ 0.8+ 0.9+ 
LIST ONE (DAM/WEIR) 6 30 23 9 
LIST TWO (WEIR/DAM) 0 36 34 29 
LIST THREE (DAM/DESALINATION) 0 10 9 4 
LIST FOUR (DESALINAT~ON/DAM) 0 10 8 3 
TOTAL 6 86 74 45 
(PERCENTAGE) (7%) (93%) (80%) (49%) 
Table 6.9 summarizes the major ways in which the panels differed: 
TABLE6.9 
Grouping of Panels by Shared Characteristics 
PANEL PANEL SYMBOLS 
CHARACTERISTICS A B I c D E I F G H I 
I 
1. Panelists made a site visit I 
I . yes + + I + + + + 
.no Ix 
x x 
I 
2. Panel defined impacts l l . yes + + I 
.no Ix 
x x x x x x 
3. Evaluation carried out: I 
. by post & at meeting + + I 
. by post only Ix x x I 
. at meetings only I lo 0 0 0 
I I 4. Panel size: 
. 10-15 members + + I + + 
Ix . 17-22 members I x x x x 
I 
I 5. Panel composition I 
. selected, multidisciplinary + + I + + + I 
. existing group accepted Ix x x x 
I l 6. Domicile of panelists I 
. in or near Cape Town + + I I 
. throughout SA Ix x x Ix x x x 
l I 7. Date of evaluation: I 
. 1983/1984 + + I + + + I x 
. 1986/1987 x x x 
It can be seen that the Panels which share at least six of these seven characteristics are A 
and B (Group 1), C, D and E (Group 2) and F, G, H and I (Group 3). In addition, all of the 
Group 3 panels are larger than those of Groups 1 and 2. Of these three groups of panels, each 
differs from each of the others in respect of four of the six characteristics (and Group 3 differs 
from the other two in respect of size). One might therefore expect higher correlations for 
judgments within these groups than between the groups. But reference to Table 6.10 indicates 
that panels within groups are not better correlated than panels between groups; therefore it is 
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not possible to identify any characteristics or groups of characteristics that might influence 
reliability. 
TABLE6.10 
Correlation Matrix of Aggregated Scores: Panels A - J 
A .B c D E F G H J 
A 0,912 0,906 0,867 0,946 0,917 0,936 0,908 0,888 0,928. 
B 0,912 0,891 0,848 0,917 0,860 0,919 0,928 0,835 0,849 
c 0.906 0,891 0.922 0,924 0,956 0,976 0,863 0,862 0,893 
D 0,867 0,848 0,922 0,867 0,907 0,932 0,863 0,841 0,814 
E 0.946 0,917 0,924 0,867 0,924 0,951 0,904 0,898 0,912 
F 0.917 0,860 0,956 0,907 0.924 0,979 0,829 0,908 0,932 
G 0,936 0,919 0,976 0,932 0,951 0,979 0,887 0,909 0,904 
H 0.908 0,928 0,863 0,863 0.904 0,829 0,887 0,919 0,813 
0,888 0,835 0,862 0,841 0,898 0,908 0,909 0,919 0,888 
J 0,928 0,849 0,893 0,814 0,912 0,932 0,904 0,813 0,888 
Correlation matrix, correlation coefficients calculated using normalised group weightings for all 
lists. 
Top left section (panels A through E) calculated over FOUR lists; remainder of table over TWO 
lists only (dam vs weir and weir vs dam). 
In addition to the nine panels already mentioned, a smal.l student panel was asked, as part of 
their in~tniction programme, to undertake evaluations of Lists One and. Two, and the results 
were compared with those of the regular panels. This student panel, designated Panel J, was the 
only panel comprised of full-time students; in addition, these students were all enrolled in the 
same course (a Masters degree programme in environmental studies). Panel J may therefore be 
regarded as more homogeneous than the other panels, and the judgments of this panel may be 
expected to be correlated relatively poorly with the judgments of the other panels. This panel 
did, however, share with Group 3 (Panels F, G, Hand I) all six of the characteristics listed above: 
it made a site visit, performed the evaluation at a meeting, was not involved in defining the 
impacts, performed the evaluation after 1985, was not selected to ensure a diverse composition, 
and the members resided in different parts of South Africa. Panel J differed from the Group 3 
panels in two major respects: size (being considerably smaller), and natural affinity (being a 
group of full-time students with sufficiently similar interests to be enrolled in the same degree 
programme). If there are any high correlations, one would expect them to be with the panels of 
Group 3. 
Panel J does have a high proportion of relativeiy weak correlations: Table 6.11 shows that 
none of the nine correlations for List One (Dam vs. Weir) are above 0.8, and six (67%) of these 
are below 0. 7. By contrast, 23 of the 36 correlations between the other panels for List One are 
above 0.8, while only six (17%) are below 0.7. Nevertheless, Panel J is well-correlated with other 
panels for List Two (Weir vs. Dam): the lowest correlation is 0.83 and the remaining correlations 
are all above 0.9. This compares favourably with the correlations achieved by the other panels 
for List Two. In addition, Panel J does not have higher correlations with Group 3 panels (F, G, 
Hand I) than with panels from the other two groups. 
The comparison of Panel J with other panels indicates that replicability may be improved if 
the panel is comprised of a heterogeneous group of persons. This could be due to the greater 
variety of perspectives and value systems represented in a heterogeneous group. But in the 
foregoing analysis it was not possible to identify other panel attributes that may be important to 
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achieving replicability for the reason mentioned previously - viz., there was no opportunity to 
control the variables of interest. Non~theless, the judgments of all panels seem reasonably well-
correlated, with the exception of Panel J (which was a relatively small and homogeneous panel), 
and to some extent Panel I. This indicates that none of the seven characteristics listed above may 
be factors which adversely affect replicability, provided that the panel is above some minimum 
size. 
TABLE6.ll 
Correlation of Panel J's Weighting Scores with Those of Panels A-I 
DAM vs WEIR 
A B c D E F G H 
J 0,76 0,62 0,77 0,61 0,63 0,71 0,64 0,62 0,51 
WEIR vs DAM 
A B c D E F G H I 
J 0,95 0,94 0,95 0,91 0,97 0,97 0,98 0,83 0,95 
CASE STUDY 5 
Background 
The principal research objective of this case study was to assess the possible biasing effect 
of a project coordinator on the results of group forecasting and evaluation. A second objective 
was to test a variation of the Impact Identification Technique which did not rely on the post, and 
which permitted the task of identifying and defining impacts to be accomplished within a very 
short time. 
The study concerned a proposed extension of a coastal holiday township. Infanta is a village 
on the west bank of the Breede River mouth in the southern Cape. The area is well-known as a 
popular retirement and holiday area which offers a variety of recreational opportunities 
associated with its scenic river and coastal setting. In 1981 a developer had submitted an 
application for a township extension on a hill above the present township of Infanta. This 
proposal had met with objections from existing Infanta residents, who were concerned about 
crowding and changes to the character of the community, and by conservationists, who were 
concerned about aesthetic and ecological impacts to the area. Both residents and 
conservationists claimed that the proposed township extension of 100 plots would result in a 
population that would exceed the recreational carrying capacity of the area. 
As part of a project to develop and test various evaluation methods for the South African 
Human Sciences Research Council, researchers from the Environmental Evaluation Unit at the 
University of Cape Town used the Panel Evaluation Method to identify the advantages and 
disadvantages of the proposed township extension, and to evaluate the relative significance of 
these advantages and disadvantages. The issue appeared to be of considerable importance to 
local residents, but of only moderate or low importance to the region or the nation. The study 
was seen by the University of Cape Town researchers as an opportunity to demonstrate the 
flexibility of the Panel Evaluation Method to accommodate the scale and importance of any 
contentious environmental issue, and to test the usefulness of the procedure under conditions 
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when few resources were available for conducting an evaluation and limited time was available 
for obtaining the results. But the major object of the study was to investigate the question as to 
whether the Impact Identification Technique and the Significance Measurement Technique 
produced results that were replicable. 
Specifically, there was concern about the extent to which the project coordinator might 
influence the results of impact identification and evaluation. The project coordinator obviously 
plays a major role in the procedure by directing the selection of panelists, preparing 
documentation, organising site visits, and communicating with panelists before and during the 
evaluation procedure (Richey et al., 1985a:137). During the first case study (see Case Study 1 in 
Chapter 4 ), impacts identified and defined by the project coordinator had been interpreted in 
different ways by different panelists, and a few panelists had indicated that some impacts 
overlapped, while other potential impacts had been overlooked. This obviously made it 
impossible to conduct a proper evaluation. One interesting question is whether two panels, each 
working with a different project coordinator in otherwise similar circumstances, might generate 
very different lists of impacts, or might score (or weight) impacts very diff ere~tly. Another 
interesting question is whether the panels could produce more comprehensive and better defined 
lists of impacts than could individual analysts who were working independently, even if they had 
some special expertise in impact assessment and greater knowledge of the study area. 
The Study 
In order to investigate the possible biasing effect of the role of the project coordinator it 
was decided to assemble two panels which would go through identical forecasting and evaluation 
exercises but under different project coordinators. In addition, two individuals trained in 
environmental studies and intimately familiar with the study area were asked to independently 
identify and define the impacts of the proposed township extension so that the lists each 
produced could be compared with those of the other, and with those of the panels. 
The principal research objective was to determine whether the two panels, operating under 
different project coordinators, would identify and define impacts that were essentially the same. 
A second objective was dependent on accomplishment of the first: if the two panels produced 
lists of impacts that were recognizably similar, then an analysis would be made as to whether 
there was also agreement as to the relative significance of each impact. The third objective was 
to assess whether the Delphi panels would produce a clearer and more comprehensive list of 
impacts than individual experts working separately but given the same basic information. 
The approach taken to determine whether impact definitions produced by the two panels 
were sufficiently similar so as to be interpreted in the same way was to ask three research 
associates to independently compare the definitions and separately indicate which impacts 
corresponded and which had no counterpart. The researchers then conferred to see whether 
they were agreed or not.3 The same researchers also made similar comparisons of the lists 
produced by the two experts against those of the panels. The method used to assess the degree of 
agreement on impact scores or weightings was to calculate the product-moment correlation 
coefficient. 
Panelists were selected by the principal researcher in consultation with other members of 
the research team.4 Final selection was based on the research team's judgments as to the 
suitability of individual panelists in terms of disciplinary orientation, relevant expertise, and 
perceived neutrality or objectivity pertaining to the outcome. 
The two panels visited the site and conducted their respective evaluations on different 
weekends in November, 1986. There were 11 persons on each panel, and support staff was 
limited to three per evaluation. Each panel spent a weekend in rented accommodation in the. 
3 Appendix 0 presents the consensus on impact correspondence for each of two iterations by the two panels. 
4 The chain-referral technique was not used due to time constraints, and since the study was being conducted as 
an academic exercise (i.e .• there was no need to ensure the composition of the panel of the panel was 
acceptable to the decision makers or concerned parties). 
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vicinity of the proposed development. The first day was spent in reading briefing materials, 
accomplishing a site visit, and identifying and defining all the social costs and benefits of the 
proposal. The second day was spent in judging the relative importance of the costs/benefits. 
The panels convened under similar circumstances, and were briefed and given a site visit by 
the principal researcher. The evaluation tasks on the different weekends were guided by two 
different project coordinators (each assisted by-a different person), but using the same general 
approach. The project coordinators consulted the principal researcher on questions related to 
the project proposal and the Panel Evaluation Method, but care was taken not to discuss 
anything that might influence the impact identification and definition process. In addition, the 
project coordinator and panel members of the second session were not informed of any of the 
results of the first session. 
Both panels were comprised of individuals with similar backgrounds, and the same 
procedures were used for both panels. The panelists were given individual briefing documents 
before the weekend session that described the proposed development and the nature of local 
objections to the proposal. 
On the first morning of the weekend session, the panelists were taken to the site. Maps and 
notebooks were provided, and panelists were encouraged to ask questions and take notes which 
would be useful in formulating impact definitions (i.e., define costs and benefits of the 
proposal) in the first session. 
On returning to the meeting room, the panel was briefed on the procedure that would be 
used for forecasting and evaluating impacts, and the project coordinator then asked each panelist 
to individually and without discussion list project costs and benefits on separate colour-coded 
forms. The panel was then adjourned until after lunch but panelists were asked not to discuss the 
proposal or its impacts with anyone. The project coordinator and an assistant then wen.t through 
the impact forms and synthesized impact definitions under banner headings (see Appendix 0). 
The object was to combine statements produced by different individuals but that addressed 
essentially the same issu~ into a single, concisely-worded''s;tale~ent, and to combine those costs 
or benefits which seemed to overlap or interact so that impact definitions would be discrete, 
clear, and unambiguous. 
The rephrased statements were then written out on large sheets of paper and posted around 
the meeting room, and panelists were brought back in to scrutinize the statements for 
completeness and accuracy. Panelists were asked to consider whether any statements could be 
further combined (or whether any should be split), to suggest new wording for any statement not 
satisfactorily defined, and to off er totally new statements for any impacts not previously 
identified. Any suggestions were to be made anonymously in writing. Some panelists did submit 
new impact forms, and the panel was then adjourned for the day while the project coordinator 
and assistant reviewed the suggestions and drafted new impact definitions. 
On the following morning the panel convened and was presented with the revised impact 
definitions (see Appendix 0). Panelists were first given a final opportunity to refine definitions 
of costs and benefits. Because of time constraints and the relatively minor and uncontentious 
nature of the changes to be made at this stage, no attempt was made to preserve anonymity in the 
exchange of opinion that led to modifications, and general consensus was easily obtained as to 
whether to accept or reject proposed changes. 
An evaluation exercise was then conducted to determine the importance of each cost 
relative to every other cost, and of each benefit to every other benefit. This exercise involved, 
for each of the tw9 lists (i.e., of costs and of benefits), the rating of each item on a scale of 1 to 7 
(1 signifying "of no importance" and 7 "of extreme importance"). 
The results of the group ratings were fed back to the panel in the form of hand-tabulated 
histograms (computer facilities were unfortunately not available), and panelists were then asked 
to reconsider their ratings, submit any (anonymous) comments of a factual nature that might 
help establish the importance of a particular impact, and re-rate the impacts. After three 
iterations of ratings for each list, panelists were asked to individually rank the impacts in order 
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of importance and then evaluate their relative importance. This was done by assigning the 
number 10 to the lowest ranked impact that was deemed to have any significance (i.e., that was 
above the "threshold of significance"), and then scaling every other impact against this "threshold. 
impact" (see Impact Evaluation in Chapter 5). 
In the meantime, two environmental analysts who were intimately familiar with the Infanta 
area were each conducting independent evaluations. Both were given the same briefing 
materials that were received by the panelists, which included a description of the proposal and 
the affected environment. Each analyst was asked to identify and define the impacts that could 
result, and submit a brief report discussing the relative significance of these impacts. 
The Results 
One of the independent analysts identified 3 positive and 7 negative impacts, whereas the 
other analyst identified 8 positive and 20 negative impacts. Each of the analysts omitted 
potentially major impacts that the other had listed, and neither of the lists were as 
comprehensive or well-defined as those compiled by the two panels. 
The panels essentially agreed as to the identity and nature of the impacts that would result 
from implementing the proposed township extension. Panel 1 and Panel 2 identified 11 and 12 
negative impacts respectively which were basically equivalent, although each panel identified 
one (relatively minor) negative impact which the other panel had not mentioned. While Panel 2 
identified several more positive impacts than did Panel 1 (11 vs. 6), only three did not correspond 
with the impacts identified by Panel 1,. and all three could be regarded as relatively minor or 
trivial concerns. 
The principal positive impacts of this action were determined to be better recreational 
facilities, employment prospects, and infrastructure and services for local residents. The 
principal negative impacts were determined to be general degradation of the area (in terms of 
aesthetics, security and community character), losses to marine and estuarine systems, and 
recreational congestion. 
All three research objectives were accomplished, and the results of the study were positive: 
• the panels produced lists of impacts that were very similar in content and meaning; 
• the panels made similar judgments as to the relative importance of these impacts; and 
• the lists of impacts generated by each panel were more comprehensive and the impacts were 
defined more clearly than those of either expert. 
In addition, the work of each panel substantially met the other tests devised for determining 
whether the Significance Measurement Technique improves groups judgment, viz., convergence 
with feedback, and unimodal distribution of responses. 
While the two panels basically agreed as to what impacts would result from the project, the 
wording of impacts obviously differed, and in some cases one panel would define two impacts 
(and in one case even more) that the other panel had defined,. in more general terms, as one 
impact. In order to assess replicability, three .research associates, working separately, judged 
which impact definitions of the two panels corresponded and which had no counterpart or were 
not really comparable (see Appendix 0). When these judgments were compared, only three 
slight differences were noted; these were concerned with very minor impacts, and appeared to be 
due to different interpretations of ambiguous words and phrases. 
Another important finding was the fact that although the panels eventually produced 
essentially the same lists of costs and benefits, there was little agreement on the first round of 
impact identification. A comparison of the initial lists generated by each panel (and synthesized 
by the respective project coordinators) revealed a surprising lad of correspondence in impact 
identification and definition. Panel 1 listed three positive impacts and six negative impacts that 
were not listed by Panel 2, and Panel 2 listed three positive impacts and sixteen negative impacts 
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that were not listed by Panel 1. Perhaps even more surprising, however, was the high degree of 
correspondence between the panels that subsequently developed in the revised lists. After this 
second iteration, all of Panel l's positive impacts were listed by Panel 2, and only three relatively 
insignificant positive impacts listed by Panel 2 were not listed by Panel 1. In addition, each panel 
identified all but one (relatively insignificant) negative impact listed by the other panel. 
Further analysis of these results revealed that the second iteration had served to identify 
related concerns, so that they could be grouped and their common nature clarified; in other 
words, relatively trivial or related impacts became subimpacts which when taken together 
constituted truly independent impacts (i.e., they did not overlap or interact). Thus while the 
second iteration of impact identification did not add many new impacts or substantially redefine 
the original impacts, it did help to organise the original impacts into "categories" of impacts; this 
in turn made it possible to articulate more broadly-defined impacts. In addition to being more 
substantive in nature, these broad impacts could be clearly distinguished from one another so 
that comparative evaluations could be made without the confusion or double counting that could 
result if impact statements interacted or overlapped. 
A major conclusion of this analysis is that both the iterative nature of the Impact 
Identification Technique, and the guidance provided by the project coordinator, can greatly 
improve the quality of the evaluation by creating a list of impacts that is more manageable, more 
relevant, and more clearly understood. The true impacts become more clearly defined and 
focused because of the re-think and re-organisation that is required by the technique. This result 
has more general and highly significant implications for handling controversial resource 
allocation proposals: if iterative procedures are not adopted in planning, assessment and 
evaluation, there is much greater potential for confusion and polarization; in addition, it will be 
less likely that superior proposals will be discovered, that potential impacts will be adequately 
understood, and that the evaluation will be accurate and well-received. 
The two experts produced lists of impacts which were, in the judgment of the three research 
associates, not as comprehensive, well-defined, or well-ordered as those of the panels. Some of 
the impact definitions were too broad or general, others overlapped or were repetitious, and 
several were rather ambiguous or muddled. Each expert failed to list impacts that the other had 
identified, and both omitted impacts (some major) that were identified by the panels, while 
neither identified any impacts that had been missed by either of the panels. For example, one 
expert did not identify any impacts related to increased costs for the local authority to provide 
services, and the other did not identify any impacts concerning changes in the character of 
Inf anta village. And neither expert identified any impacts related to the terrestrial environment 
(e.g., loss of lowland fynbos, introduction of alien vegetation, and erosion problems). 
Since there was a high degree of correspondence between the final impact definitions 
produced by the two panels, it was possible to compare significance evaluations made by the two 
panels. Comparison of importance scores or weights was done by combining the impact scores of 
one panel as necessary to make them comparable to the impact scores of the other panel. For 
example, since Positive Impact A of Panel 1 was judged to be equivalent to Positive Impacts A 
and B of Panel 2, the scores assigned to the latter were summed and compared to the score given 
to the former. Table 6.12 presents a listing of the impacts identified by Panel 1 with the 
comparable impacts identified by Panel 2, and their respective associated weights or importance 
scores. The product-moment correlation coefficient was then calculated for the scores derived 
for the items on the modified lists. The correlation coefficient for these results is 0,84 for the list 
of positive impacts and 0,96 for the list of negative impacts, for a combined correlation of 0,91. 
Thus there is a strong positive correlation between the judgments of the two panels as to ·the 
relative significance of impacts associated with the proposed township extension. This indicates 
that two panels working under different project coordinators can substantially agree not only on 
the identity but the relative importance of impacts. 
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TABLE6.12 
Comparison of Weightings Assigned by Two Panels to Equivalent Impacts 
6.12a Positive Impacts 
PANEL 1 PANEL2 
IMPACTS SCORE IMPACTS SCORE 
lA 23 <·> 2A+2B 22 
1B 23 <·> 21 13 
lC 26 <·> 2G ·25 
10 4 <·> 2E+2F 10 
lE 10 <·> 20 18 
lF 13 <·> 2K 5 
0 <·> 2H 2 
0 <·> 2J 3 
0 <·> 2C 0 
6.12b Negative Impacts 
PANELl PANEL2 
IMPACTS SCORE IMPACTS SCORE 
lA 15 <-> 2F 16 
lL+lB 14 <-> 2G 9 
lC 0 <·> 0 
lH + 10 + 1J + lK 38 <·> 2A +2E+2I +2C 37 
lE+lF 21 <·> 2H 18 
1I 3 <·> 20 10 
0 <-> 2K 2 
lG 9 <·> 2B+2J 9 
6.12c Correlation of Adjusted Weighting Scores 
Regression Output: 
Positive Impacts: 
Negative Impacts: 
Combined lists: 
R squared 
0,70 
0,93 
0,82 
Correlation 
0,84 
0,96 
0,91 
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The results of this study indicate that two panels can, under the guidance of different project 
coordinators, conduct evaluations that will produce essentially the same results. Perhaps of 
greatest importance is the finding that different panels can independently identify the same 
impacts of a proposal (with the exception of very minor or rather spurious "impacts"), and define 
these so that they can be recognized as the same impacts, if. there is more than one iteration of 
assessment. Furthermore, it appears that this agreement might not be possible without the 
presence of a project coordinator to ensure a careful reconsideration of how to define and 
organise the potential impacts. This suggests that a single iteration of impact identification and 
definition would not be adequate, and that even with more than one iteration two unsupervised 
panels might produce lists of impacts which could differ substantially. 
The general conclusion drawn from these results is that a coordinator's biasing influence on 
panel judgments can be rendered slight and insignificant if the coordinator scrupulously follows 
the Panel Evaluation Method, and is conscious of the importance of playing a neutral role 
throughout the evaluation process. In fact, it appears that the project coordinator can have a 
beneficial influence on panel judgments by stimulating and facilitating the re-definition and re-
evaluation processes which are so important to quality judgments. What is important is that 
coordinators are well-trained and sensitive individuals capable of answering questions an.cl 
dealing with other individuals without imparting their own bias to panel members. 
In addition, it appears that judgments made by panelists using systematic forecasting and 
evaluation procedures (such as the Impact Identification Technique and the Significance 
Measurement Technique) can be superiour to those made by "experts" trained in a relevant 
discipline and who are even more knowledgeable about the area of concern than are the 
individual panelists. The panels generated a clearer and more comprehensive list of costs and 
benefits, and accomplished a more rigorous evaluation of these costs and benefits, then did the 
individual experts, and all members of the research team agreed that the information provided 
by the panel would have proved more useful than that provided by the individual experts. The 
Panel Evaluation Method would thus be helpful, particularly in cases when a formal 
Environmental Impact Assessment cannot be done, to provide guidance for decision makers and 
improve the final resource allocation decision. 
Assessment of the Evaluation 
Two of the key elements of the Panel Evaluation Method - the Impact Identification 
Technique and the Significance Measurement Technique - proved to be flexible and cost-
effective in this application to an issue of local importance which might not normally be allotted 
sufficient resources to conduct a proper Environmental Impact Assessment, and results were 
obtained in a very short time. The lack of computer-processing equipment and other 
technological aids did not prove to be a serious handicap. 
A major failing was that panelists were not properly briefed on the Panel Evaluation 
Method before the meeting. One member of Panel 1 did not accept the Delphi concept and 
proved to be a somewhat disruptive influence, and was nearly obstreperous enough to undermine 
the entire exercise. Uncooperative or unsympathetic individuals should not be invited to serve 
on a Delphi panel, and pre-selection briefings and interviews should be given after concerned 
parties have approved panel nominees and before invitations to serve on the panel are issued. 
An opportunity was missed to test whether panelists can relate the importance of a benefit 
on one list to that of a cost on another list, to confirm that the two lists can be directly compared 
in terms of significance, and a determination made as to whether costs exceed benefits or vice 
versa. 
Although the three research associates agreed that impacts on the respective lists of the two 
panels were sufficiently similar to be considered essentially the same impacts, the technique used 
to make this determination was very subjective and so quite unsatisfactory. Such judgments are 
exceedingly difficult due to the nuances of words and phrases, and the fact that one panel might 
list more details than the other panel in describing impacts. Individuals invariably understand 
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slightly different things by the same words, and some individuals are bound to have more 
information than others. 
It must be accepted that any form of communication is extremely difficult, even when 
dealing with relatively simple matters, and correspondence of views is obviously never going to 
be exact. Nevertheless, it is the overall understanding or impression that is important. While 
specific interpretations of statements appeared to differ in this case (such as exactly what was 
meant by "employment opportunities"), the underlying concepts seemed to be shared (e.g., 
temporary employment for local labour during construction, and seasonal employment for local 
labour in the formal and informal sectors after construction), and perhaps this is all that is 
necessary. Everyone can be expected to have slightly different conceptions of an impact, and 
certain aspects will inevitably be emphasized in one person's mind while other aspects will 
dominate in another's mind. This is all the more reason to employ a group evaluation procedure 
such as the one presented in this dissertation. 
The greater correspondence noted for the second iteration may seem somewhat spurious 
since the "odd" impacts are grouped with impacts which were later determined to be interrelated. 
The grouping or aggregation has apparently "masked" some of the differences, but in fact these 
"differences" turned out to be various aspects of larger (and truly "independent") impacts. 
For example, during the first iteration of the Impact Identification Technique, all: impact 
identified by Panel 2 
"The new development might attract the wrong type of people" (*ie., people who 
are insensitive to nature)" 
was not identified by Panel 1. In the second iteration, this specific impact was subsumed 
under an impact labeled ''Change in Community Character", and this new, overarching impact 
was also identified in the second iteration by Panel 1, and labeled "Change in Character of 
Existing Inf anta Village". While each panel identified different elements that would contribute 
to this broad.er inipact, the ultimate issue of concern to both panels was the change in nature of 
the existing community. 
The one instance in which several impact statements had to be combined (four for each 
panel) was due to differences in terminology and ways of conceptualizing impacts. Questions 
pertaining to aesthetics, community character, and security can overlap with one another. For 
example, the introduction of "undesirable elements" can affect all three, so one panel might list 
this problem under security and another under community character. 
The final differences between the two panels are still not very serious; it is like two 
paintings of the same scene: the major components are there even if the details differ, and what 
is important for evaluation is that the major components are recognized and described so that 
they can be compared to one another and an adequate evaluation can be conducted. 
CASESTUDY6 
Background 
The principal research objective of this case study was to further evaluate the threshold of 
significance concept. Of particular interest was the question as to whether the threshold of 
significance for a list of costs may be regarded as equivalent to the threshold of significance for a 
list of benefits. If so, and if the present discounted value of a proposal has been weighted along 
with other impacts, then the efficiency determination can be made by simply comparing the sums 
of the weights given to the costs and benefits, and seeing which is greater. 
Other objectives of the study were to test certain variations of the procedures used in the 
Delphi meeting, and to further demonstrate the general flexibility and applicability of the Panel 
Evaluation Method. 
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The study concerned a highly controversial road proposal in an urban community called 
Sandton. Sandton is an affluent residential area within the Johannesburg metropolitan area. 
The community has a rapidly growing commercial centre, and planners have predicted that this 
growth will continue, mainly as a result of corporate headquarters moving in from the 
overcrowded Johannesburg central business district. 
Sand ton is well served by north-south arterials linking Johannesburg and Pretoria, but there 
is only one major east-west arterial, and it passes north of the Sandton area. In the Sandton 
Traffic Master Plan of 1970, city planners and engineers presented proposals that addressed the 
problem of future traffic congestion, particularly commuters and shoppers transiting the area in 
an east-west direction. 
The Sandton Town Council felt that there was a clear need for a new east-west arterial 
through Sandton to link two major north-south highways through the area. After preliminary 
investigations by consulting engineers, the "South Road extension" route was selected and land 
was acquired along the proposed corridor. 
But many residents and a number of interest groups objected to the proposed road. Much of 
the opposition was generated by the feeling that a new road through this corridor would 
significantly reduce the amount of open space in Sandton, and would also lower the quality of the 
residential areas through which it would pass. Alternative corridors were suggested that would 
be less damaging to important environmental elements, foremost among which were the Sandton 
Field and Study Centre and the River Club golf course. Many people felt that the road was not 
even needed, and suggested that if traffic congestion did eventually become a serious problem 
existing roads could always be upgraded. 
Between 1971 and 1987 nine separate studies were undertaken to investigate the feasibility 
and desirability of a new east-west link road. Most of these studies were concerned with 
applying technical and economic criteria to the problem, and this did not satisfy many of the 
opponents to the proposal. In 1987 the controversy surrounding the road issue was still r_aging, 
and if anything opposition to the road was greater than ever. The resid_~nis of Sandton had 
become even more polarized in their support for or against the proposed road. The opponents 
claimed that 
• there had never been a proper enquiry into their concerns 
• they had not even been given an opportunity to make their concerns known 
• officials had not been fully candid or forthcoming with information 
• the need for the road had still not been established 
• promising alternatives had not been adequately considered 
• the environmental impacts had not been properly examined. 
In 1987 the Sandton Town Council appointed a special steering committee to investigate all 
the reports from these studies, and this committee then authorized still another study to re-
examine the need for the road. When the report from this latest study was submitted, the 
committee concluded that a major arterial along the South Road corridor was indeed necessary, 
but a full environmental assessment should be done to select the most suitable alignment within 
the corridor. The Environmental Evaluation Unit of the University of Cape Town was 
commissioned to undertake this study in June 1988. 
The Study 
The study team from the Environmental Evaluation Unit spent considerable time clarifying 
the terms of reference with the project's sponsors. Since there was great opposition to the South 
Road corridor, it was eventually agreed that the null option could be compared to the best 
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alternative alignment found within the South Road corridor. It was decided to do this indirectly, 
however, by considering whether the costs of the best alignment would exceed the benefits. In 
addition, it was to be assumed that the new road was to be evaluated from the perspective of the 
people who live and work in Sandton, and that Sandton would pay for the entire cost of the road. 
The general study plan was as follows: 
• review all existing data ,pertaining to the road proposal; 
• actively solicit public comment to identify the major issues and alternatives; 
• initiate investigations needed to assess and evaluate the issues and alternatives; and 
• apply the Panel Evaluation Method to identify the preferred alternative. 
After the initial data gathering and review was accomplished, a public participation 
programme was initiated. Representatives of special interest groups were identified and 
contacted to ensure that the concerns of the major affected parties were clearly understood. 
Advertisements and articles were placed in the local media to encourage discussion of the issues, 
and brochures which explained the study and invited comment were widely distributed. 
Members of the general public were invited to telephone or visit the study team to discuss their 
concerns and offer suggestions, and this information was systematically collected and use.d to 
guide further investigations. 
A total of eight basic alternatives or "preliminary proposals" (in addition to the null 
alternative) were identified as a result of data gathered from the public and Sandton Town 
Council. These preliminary proposals were then assessed using the "Framework Approach", a 
technique for organising data sets in a presentational framework that is easy to read and 
understand (Leitch, 1979). The technique involves identifying the major alternatives, categories 
of effects and affected groups, and then displaying tables which contain short descriptions of the 
effects each alternative will have on each group (see Figure 6.2). 
The study team met with a group of consultants and, using the framework that had been 
prepared, discussed the merits of the eight preliminary proposals. This assessment team 
concluded that five of the proposals could be eliminated from further study because of one or 
more shortcomings, and that a more detailed assessment and evaluation should be done of the 
three remaining alternatives: the "final proposals". The three final proposals, which were all 
different alignments within the South Road corridor, were known as Routes 2, 3, and 4. 
Several experts were then engaged to undertake studies to provide more information on the 
final proposals. Two types of studies were conducted. The first type of study was to identify 
viable mitigation measures for certain impacts. The second type of study was to provide 
information needed to evaluate the significance of potential impacts, and to judge the viability 
and desirability of the final proposals. These data would be used to further refine the final 
proposals (with agreed mitigation included as part of the planned action), and to prepare an 
impact report that would be used to brief a panel that was to conduct a formal evaluation of the 
final proposals. 
In accordance with the brief given by the Sandton Town Council steering committee, the 
formal evaluation was to be directed at answering two questions: 
• Which of the three final proposals best meets the evaluation criteria? 
• Do the benefits of the "preferred proposal" outweigh the costs? 
An evaluation panel of fourteen persons was selected using the chain-referral technique. 
All of these persons were then involved in applying the three techniques of the Panel Evaluation 
Method. (One panelist was not able to attend the Delphi meeting to evaluate the impacts and 
apply the selection criteria.) 
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Members of the evaluation panel received a general briefing document and were then taken 
on a site visit accompanied by members of the study team and various experts to answer their 
questions. Panelists were given forms on which to record potential impacts as they walked the 
route. After the site visit, lunch was served and then the panelists undertook the first iteration of 
impact identification. This involved listing (on separate, colour-coded forms) the costs and 
benefits of each of the final proposals and, where appropriate, specifying what group or groups 
would bear the cost or receive the benefit. The panelists worked silently and independently, but 
in the same room, to encourage concentration on this important task. When the panelists had 
completed and submitted the unsigned forms, the meeting was adjourned. 
The project coordinator and an assistant then synthesized and refined the impact lists, 
incorporating any costs and benefits identified by the public and the authorities that were not 
listed by any members of the panel. Since it was discovered that all three of the final proposals 
would have the same types of impacts, differing only in degree, it was possible to prepare one list 
of costs and one list of benefits to guide the assessment and evaluation process. 
Copies of the two synthesized lists were then sent to each panelist for review and comment 
to ensure that all potential impacts had been identified, and that the definitions given accurately 
reflected the perceptions of the panel. Some changes in wording were suggested, and one new 
benefit was identified, and these suggestions were incorporated and returned to the panelists for 
approval. A few minor modifications were subsequently required before the panel reached 
consensus that both the costs and the benefits of the final proposals had been comprehensively 
and accurately described, and this iteration was accomplished by telephone. (The final listing of 
costs and benefits is presented in Appendix JJ). 
The impact lists were used to guide further investigations needed to prepare an impact 
report. This report - called the Delphi Briefing Document - was to assist the panelists in 
evaluating the relative significance of the costs and benefits, and in applying the specified 
evaluation criteria to the three final proposals. The 49-page document was arranged in two 
parts. Part One presented general inf orma'tion under the following headings: 
• Purpose of this Report 
• Description of the Situation 
• Description of the Three Routes 
• Description of the Affected Environment 
• Description of the Affected Groups 
Part Two presented specific information describing, for each of the benefits and costs that 
had been identified, how the three routes would compare. Each benefit and cost was discussed in 
turn using the following format: 
• Identification of Affected Group 
• Description of Impact 
• Magnitude of Impact 
• Mitigation Measures (if appropriate). 
Appendix KK presents excerpts from the Delphi Briefing Document to illustrate how these 
benefits and costs were presented. 
A draft of the Delphi Briefing Document was sent to a number of advisors with special 
knowledge of key aspects of the material covered to verify that the report was complete and 
accurate, and the report was modified as required before it was sent to the Delphi panelists. 
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The fin al Delphi Briefing Document was then sent to the panelists, along with one set of 
rating forms. Panelists were asked to rate the costs and benefits associated with each route 
before coming to the meeting. This would ensure that panelists had carefully studied the 
document, and given considerable thought to the relative significance of the impacts for each 
route. In addition, it would save considerable time in the meeting to have already accomplished 
one iteration of rating. 
In addition, because of the great complexity of undertaking a comparative evaluation of a 
large number of costs and benefits for each of three routes, and the amount of time that would be 
required to do so, it was decided to depart from the standard evaluation procedure· in this 
meeting. Rather than immediately undertake two more iterations of rating the impacts for each. 
of three routes, the panel would first rate how well each route met each of the three evaluation 
criteria, and vote on which route was superiour in terms of all the criteria taken together. This 
would make it possible to eliminate one of the routes, and possibly two, before applying the 
rigorous and time-consuming evaluation that would be required to determine the relative 
significance of the costs and benefits. For example, if a large majority of the panel felt that one 
of the routes was clearly superiour to the other two in terms of the three evaluation criteria, then 
only the impacts associated with this one route would have to be evaluated in order to determine 
whether the costs outweighed the benefits or vice versa. 
The Delphi meeting was convened on 16 August in a conference room in the Sandton Civic 
Centre. For the reasons given above, the normal procedure was altered, and a variation of the 
Criteria Trade-off Technique was undertaken first. Panelists were asked to apply the evaluation 
criteria by rating the three routes, using a scale from 1 to 7, as to how well each satisfied the 
three evaluation criteria: efficiency, equity and sustainability. Three iterations of rating were 
done, with feedback in the form of histograms after each iteration. Figure 6.3 presents the 
results of the final iteration. It can be seen that none of the panelists thought that Routes 3 or 4 
satisfied any of the evaluation criteria particularly well, whereas the majority of the panelists 
judged Route 2 to be moderately successful in t~rms of all three criteria. 
After the rating procedure was completed each panelist was asked to complete a modified 
version of the personal evaluation statement (see Application of Selection Criteria in Chapter 5). 
This involved filling in a form which directed the panelist through a series of comparisons and 
decisions concerning which route best satisfied each criterion separately, and all three criteria 
taken together (see Box 6.1). 
Since a large majority of the panelists (10 of 13) felt that Route 2 was the best of the three 
alignments within the South Road corridor, it was not considered necessary to further evaluate 
the costs and benefits associated with Routes 3 and 4. Although the terms of the brief had 
specified that the study would be directed at identifying which of the South Road alignments 
would be in the best interests of the people who live and work in Sandton, it was also requested 
that the selected route be compared to the null option. 
There was, therefore, still the question as to whether Route 2 was better than the null 
option: a more refined measure of the relative significance of Route 2's costs and benefits was 
needed before this question could be answered with confidence. The approach taken to 
addressing this aspect of the evaluation was to ask the panel to use the Significance 
Measurement Technique to judge the relative significance of the costs and benefits associated 
with Route 2 in order to determine whether this route would have a net benefit. 
EFFICIENCY · 
Route 2 
7 
6 ****** 
5 ** 
4 **** 
3 * 2 
1 
EQUITY : 
Route 2 
7 
6 *· 
5 * 
4 ******* 
3 ** 
2 ** 
1 
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Route 3 
7 
6 
5 
4 ** 3 ******** 2 *** 1 
Route 3 
7 
6 
5 
4 
3 ********** 2 *** 1 
LONG-TERM CONSEQUENCES : 
Route 2 Route 3 
7 7 
6 ****** 6 5 ** 5 4 4 ******* 3 ** 3 2 * 2 ****** 1 ** 1 
Route 4 
7 
6 
5 
4 
3 ********** 2 *** 1 
Route 4 
7 
6 
5 
4 ***** 3 ***** 2 *** 1 
Route 4 
7 
6 
5 
4 * 3 *** 2 ********* 1 
FIGURE 6.3 Results of the Final Iteration of Criteria Rating 
As mentioned earlier, the panelists ha<l already accomplished, before coming to the Delphi 
meeting, one iteration of rating the costs and benefits of all three routes. After computer-
generated histograms of the results for Route 2 were presented to the panel, panelists 
accomplished a second iteration of rating the costs and benefits of Route 2. After the results of 
the second iteration were given to the panel, each panelist undertook a final iteration of rating 
and used this final rating lo rank-order the items on each list.5 
Having achieved a personal ranking of costs and a ranking of benefits, each panelist then 
applied the weighting (or ratio-scoring) procedure to determine the relative significance of each 
item on th,e respective lists. This procedure involves assigning the number "10" to the 'threshold 
impact" - i.e., the first impact that crosses the threshold of significance (see Impact Evaluation 
in Chapter 5). 
5 Because of time constraints it was not possible to accomplish a third iteration with feedback before the ratio-
scoring procedure was undertaken. 
Ranking routes 
according to: 
Efficiency 
Route 
ranks 1st 
Evaluation Procedure: 
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BOX6.1 
Form for Identifying Preferred Route 
Ranking routes 
according to: 
Equity 
Route 
ranks 1st 
Ranking routes 
according to: 
Long-term 
consequences 
Route 
ranks 1st 
1. Should the most efficient Route be rejected because of its unfavourable distributional 
consequences? 
YES NO 
(If Yes, go to 3 - if No, go to 2) 
2. Should the most efficient Route be rejected because of its unfavourable long-term 
consequences? 
YES NO 
(If Yes, go to 3 - if No, go to 4) 
3. Should the most equitable Route be rejected because of its unfavourable long-term 
consequences? 
YES NO 
(If Yes, go to 5 - if No, go to 6 
4. The preferred Route is the one which is most efficient: 
Route 
5. The preferred Route is the one with the most favourable long-term consequences: 
Route 
6. The preferred Route is the one which is most equitable: 
Route 
THE BEST ROUTE OVERALL IS ROUTE : 
In order to ascertain whether the threshold impacts on the two lists were of equivalent 
value, panelists were asked to compare the first cost to receive a weighting of "10" with the first 
benefit to do so, and then to indicate whether one was more significant than the other. This was 
to be done by assigning a number to the more significant one that would indicate its ratio of 
importance to the one of lesser importance. The intention was to adjust impact weights on one 
list if necessary, but if it was found that there was no significant difference in the ratio of 
importance of the threshold impacts, then it would be possible to directly aggregate the 
weightings given the costs and benefits, and so determine whether the costs of Route 2 
outweighed the benefits. 
The Results 
The results of the comparative evaluation between the three routes for the South Road 
corridor were as follows: 
• all thirteen panelists judged Route 2 to be the most efficient; 
• ten panelists judged Route 2 to be the most equitable; 
• ten panelists judged Route 2 to have the best long-term consequences; and 
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• ten panelists selected Roule 2 as the best route overall. 
The results of the comparative evaluation between the pref erred route for the South Road 
corridor - Route 2 - and the null option were that the costs of Route 2 were judged to outweigh 
the benefits by a ratio of approximately 3: 2 (sec Figure 6.4). Eleven out of the thirteen. 
panelists judged that the costs of Route 2 outweighed the benefits. Table 6.13 presents the ratio 
of costs to benefits derived ·from each panelist's weightings. Table 6.14 provides the overall 
ranking of costs and benefits and their associated mean importance scores. 
BACDFELHGJ KIMNABNCELJOPFOHH I Gk 
BENEFITS 
37,61% 
FIGURE 6.4 
COSTS 
62,39% 
Ratio of Costs to Benefits for Route 2 
Thc:t-wo major conclusions of the study were that Route 2 was the best of the three. South 
Road Extension proposals, but the costs of this route still exceeded its benefits by a substantial 
margin. The two major recommendations of the study were that none of the South Road 
Extension proposals should be constructed, and that Sandton Town Council should reconsider 
one or more of the upgrading options that would satisfy short- and medium-term needs. 
TABLE 6.13 
Ratio of Costs to Benefits Calculated for Each Panelist 
Panelists 
Costs 
Benefits 
Total 
1 
83 
17 
100 
2 
89 
11 
100 
3 4 5 
60 64 51 
40 36 49 
100 100 100 
Assessment of the Evaluation 
6 7 
68 63 
32 37 
100 100 
8 
43 
57 
100 
9 
67 
33 
100 
10 
57 
43 
100 
11 12 
31 52 
69 48 
100 100 
13 
82 
18 
100 
As in all the case studies, the brief had to be amended to ensure that the evaluation would be 
relevant. There was considerable reluctance on the part of certain members of the steering 
committee to allow consideration of the null alternative (or any other alternatives), but members 
of the research team insisted that in view of the degree of public opposition, and to conform with 
accepted princ.iples of environmental assessment and evaluation, it was necessary to consider the 
null alternative, as well as other major alternatives put forward by opponents to the South Road 
Extension proposals. 
TABLE6.14 
Ranking of Costs and Benefits 
RANK ORDER OF RANK ORDER OF RANK ORDER OF 
BENEFITS COSTS COSTS AND BENEFITS 
B 8,74 A 11,29 
A 7,33 B 6,68 
c 4,49 c 6,61 
D 3,50 N 6,61 
F 3,38 E 6,23 
E 3,31 L 5,52 
L 1,55 J 3,82 
H 1,49 D 3,69 
G 1,13 p 2,54 
J 1,11 F 1,97 
K 0,65 0 1,83 
I 0,61 M 1,80 
M 0,33 H 1,66 
N o,oo I 0,91 
G 0,83 
K 0,38 
COST A 11,29 
BENEFIT B 8,74 
BENEFIT A 7,33 
COST B 6,68 
COST N 6,61 
COST c 6,61 
COST E 623 
COST L 5:52 
BENEFIT c 4,49 
COST J 3,82 
COST D 3,69 
BENEFIT D 3,50 
BENEFIT F 3,38 
BENEFIT E 3,31 
COST p 2,54 
COST F 1,97 
COST 0 1,83 
COST M 1,80 
COST H 1,66 
BENEFIT L 1,55 
BENEFIT H 1,49 
BENEFIT G 1,13 
BENEFIT J 1,11 
COST I 0,91 
COST G 0,83 
BENEFIT K 0,65 
BENEFIT I 0,61 
COST K 0,38 
BENEFIT M 0,33 
BENEFIT N 0,00 
DESCRIPTION OF BENEFITS: DESCRIPTION OF COSTS 
A Improved Mobility within Sand ton A Reduced Value of Sandton Field 
B Peak Hour Congestion Reduced and Study Centre 
c Improved Regional Links B Reduced Value of Braamfontein 
D Reduced Vehicle Costs Spruit Trail 
E Improved Road Safety c Increased Pollution Impacts in 
F Improved Quality of Environment Certain Neighbourhoods 
along Existing Neighbourhood D Reduced Property Values 
Roads E Change in Community Character, 
,G Reduced Road Maintenance Cohesion and Safety 
Costs F Inconveniences During 
H Increased Growth and Prosperity Construction 
Potential for Development at Golf G Reduced Amenity Value of the 
Club Site River Club Golf Course 
J Increased Job Opportunities H Potential Loss of Open Space 
K Additional Servitudes Effect on Morningside Clinic 
L Improvement of Draamfontein River J Loss of Property and Development 
Trail Rights 
M Improvement of River Club Spruit K Reduced Housing Stock 
N Improved Coherence of Urban L Financial Costs 
Landscape M Effects on River Club Spruit 
N Decrease in Overall Quality of 
Environment Beyond the Immediate 
Environs of the Road 
0 Reduced Incentive to Improve 
Public Transport Facilities 
p Confidence in Local Authorities 
Threatened 
187 
Nevertheless, the brief "that was eventually agreed upon greatly restricted the scope of the 
study since the focus was on applying evaluation criteria to the South Road Extension proposals. 
One of the stipulations in the brief was that only those alternatives which were capable of 
satisfying certain conditions - such as the ability to meet long-term traffic needs - could be 
selected as final proposals for a detailed evaluation. This meant that many alternatives to the 
South Road Extension proposals (some of which were widely supported by certain sectors of the 
public), received a relatively perfunctory evaluation through the Framework Approach. 
In addition, because most of the evaluation effort went into determining the best alternative 
alignment within the South Road corridor, the null alternative was never properly evaluated (or 
even directly compared to any of the final proposals). This was not completely satisfying to 
members of the panel or the study team; since the evaluation criteria were not applied to the null 
alternative, it was not possible to state conclusively that the null alternative was better than 
Route 2, but only that the costs of Route 2 outweighed the benefits of Route 2. 
Another limitation of the conditions imposed by the brief was the stipulation that the 
alternative proposals were to be evaluated from the point of view of those living and working in 
Sandton. This meant that the regional benefits of the road were not to be explicitly considered. 
In addition, the study team was instructed to assume that Sandton residents would bear the 
entire monetary costs of the road, when in fact there was a reasonable prospect that the 
provincial government would subsidize the road because of its potential to serve as a major link 
in a regional network. 
Other general problems concerned the availability and reliability of forecasts pertaining to 
traffic congestion and safety, and disputes over the accuracy of some data. Because of severe 
time constraints imposed on the study by Sandton Town Council, insufficient time was provided 
for review of the draft Delphi Briefing Document. This meant that only a few people were given 
the opportunity to comment on the draft report, and these people had little time to check data 
' and off er better figures. 
tn sp.ite of time and data limitations, the Panel Evaluation Method worked well and both the 
\ 
panel and the study team felt satisfied with the techniques employed'. The Impact Identification 
Technique produced a comprehensive list of precisely-defined impacts, which was essential to 
further assessment and evaluation; the Criteria Trade-off Technique made it possible to 
systematically and explicitly select the option which best met the evaluation criteria; and the 
Significance Measurement Technique provided a clear indication that - given the assumptions 
specified in the brief - the costs of the best alignment within the South Road corridor outweighed 
its benefits by a considerable margin. 
There were problems with the computer during the Delphi meeting, but it was possible to 
keep the panel occupied on other relevant tasks while the problem was resolved. The panel had 
no difficulty in applying the evaluation criteria to identify the most promising proposal before 
judging the relative significance of impacts associated with that proposal. This saved 
considerable time, and probably the necessity for a second meeting. 
, In addition, the panelists were able to complete a rating of six lists of impacts (a list of costs 
and a list of benefits for each of three alternatives) before coming to the Delphi meeting. This 
also saved time in the meeting, and gave the panelists a better feel for the relative significance of 
the impacts so that they could do a better job of applying the evaluation criteria. Some of the 
panelists also remarked that the necessity of rating the im~acts immediately after reading the 
Delphi Briefing Document encouraged a closer reading of the document, and reinforced their 
understanding of the material. 
The panelists seemed to have no difficulty in understanding or applying the ratio-scoring 
procedure, and all indicated that the procedure helped to clarify their feelings about the relative 
merits of the proposal. Even those panelists who felt that Route 2 had net benefits said they 
could see why the others might feel otherwise, and were willing to accept the group judgment. 
This finding indicates that individuals may be more inclined to recognize and accept differences 
of opinion if a rigorous procedure such as the Panel Evaluation Method is employed. 
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Finally, ten of the thirteen panelists were satisfied that the threshold impacts for each of the 
two lists were of equivalent significance. Of the three panelists who felt that the significance of 
these impacts were not equivalent, the ratios of costs to benefits were 10 : 15; 10: 30; and 20: 10. 
These differences in the subjective point of origin would not significantly affect the group 
weightings. This finding indicates that the threshold of significance concept provides an 
effectively common point of origin for scaling positive and negative outcomes, so that weightings 
can be aggregated to determine whether costs exceed benefits. 
DISCUSSION 
This chapter has presented the results of three case studies in which the Panel Evaluation 
Method was modified to meet special circumstances, or to test new analytical procedures. In 
some cases other methods and techniques, such as the contingent valuation survey technique and 
the Krutilla technique (see Case Study 4, The Study, and Appendix L) were adapted and 
integrated into the study design to assist in the accomplishment of one or more of the nine tasks 
that have been prescribed for conducting a formal evaluation. 
Of special interest was the opportunity to apply the Panel Evaluation Method to very 
different types of resource allocation problems to assess the adaptability and cost-effectiveness 
of the method. The method was found to be applicable and easily employed in all cases, and was 
generally considered by participants to be helpful and appropriate, particularly in accomplishing 
the difficult tasks of defining potential impacts and judging their relative significance. 
Two variations of the Impact Identification Technique were developed and successfully 
applied in different case studies. In Case Study 5, impacts were identified in two meetings on 
successive days (rather than through the post), but using Delphi concepts (rather than the 
Nominal Group Technique as in Case Study 2). In Case Study 6, the first iteration of impact 
identification and definition was done in a meeting situation, and subsequent iterations were 
... conducted by post and ·telephone. Both approaches produced positive results, and significantly 
shortened the time required to develop a satisfactory list of impacts. 
In Case Study 5, substantial evidence was obtained that the Impact Identification Technique 
is not only reliable, but produces a more comprehensive and clearly-articulated list of impacts 
than is likely to be produced by a single analyst. Furthermore, the evidence indicates that the 
project coordinator does not bias or distort the panel's judgment in identifying, defining and 
scoring impacts, but does act as a catalyst in crystalizing the panel's thinking and improving 
impact definitions. This important result is apparently achieved through a nonbiasing 
interaction of the project coordinator with the panel in interpreting impacts over two or more 
iterations. The project coordinator thus appears to play a crucial facilitating role which ensures 
that 
• the list of impacts is comprehensive (so that all matters of potential concern to anyone are 
identified), 
• the impacts are truly independent (to avoid double counting), and 
• sufficient attention is given to refining impact definitions (so that the nature of the impacts 
will be more readily communicated and accurately interpreted). 
Two of the case studies have provided further evidence that the technique for evaluating the 
relative significance of impacts is capable of producing replicable results (see Case Study 4 and 
Case Study 5). Of particular note was the consistently high correlations that were obtained in 
Case Study 4, for which comparisons were made of the scores given to 92 pairs of identical lists 
of impacts by various combinations of nine panels. These comparisons yielded a correlation 
coefficient of 0,8 or better in 80% of the cases, and 0,7 percent or better in 93% of the cases. 
In addition, all nine panels essentially agreed on the ratio of total benefits associated 
alternative proposals. This indicates that the threshold impacts on all lists of benefits were of 
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approximately the same value and thus effectively served as a common point of origin for scaling 
subjective value judgments. 
Evidence was also obtained in· Case Study 6 that it is valid to combine panel weightings 
(scores) given to the costs of a proposal with those for its benefits to determine whether the net 
benefit of that proposal is positive or negative. This indicates that the threshold of significance 
concept is a legitimate and practical concept for aggregating individual value judgments 
concerning both positive and negative o~tcomes to arrive directly at a group determination as to 
whether a proposal is efficient. This obviates the need to calculate and analyze fractional 
contingency prices, which may be insufficiently precise to warrant the analytical effort or to 
achieve general acceptability. In addition, fractional contingency prices are dependent on 
calculations of present discounted value, and so may be impractical in many Third World 
situations. 
While further research should be done to corroborate these results, Case Studies 3-6 
provide substantial evidence that the hypothesis set out in Chapter 5 (see Impact Evaluation in 
Chapter 5) can be confirmed: it seems that two panels will make essentially the same judgments 
concerning·the relative significance of impacts provided that certain conditions are met. Due to 
resource limitations it was not possible to establish precisely what conditions are both necessary · 
and sufficient to bring about this result, or to what degree any of the postulated conditions must 
be met. It is of some interest, however, that though several of the postulated conditions varied 
considerably in Case Study 4, these differences (pertaining to both procedures and the 
composition of the panels) did not appear to greatly affect the reliability of the Significance 
Measurement Technique. This indicates that many of these variables may not be so critical in 
assuring that a panel's judgments will be very similar to another panel's judgments, and so 
constitute an acceptable appraisal of the efficiency of a proposal. 
In conclusion, these case studies have demonstrated that the Panel Evaluation Method 
provides a sound analytical approach to assist decision makers in making difficult choices 
between fundamentaliy different resource allocation proposals which are highly controversial. 
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CHAPTER 7 
SUMMARY, DISCUSSION AND CONCLUSION 
SUMMARY OF RESEARCH OBJECTIVES AND RESULTS 
This study has been concerned with the general problem of improving resource allocation 
decisions, with particular reference to South A.f rica. There are many facets to this problem, and 
therefore this dissertation has addressed a wide range of questions pertaining to resource 
evaluation and management. A general philosophical framework to guide resource allocation 
decisions has been developed, as well as a number of specific techniques for accomplishing 
evaluations. While these techniques can be used to evaluate any resource allocation proposal, 
the research focus was on the problem of how to decide which of two controversial and mutually-
exclusive resource allocation proposals would be in the best overall interests of society. 
A major motivating factor for this study was the challenge which was identified by the 
framers of the National Environmental Policy Act of 1969 in the United States. This was to 
identify and develop methods and procedures for evaluating the effects of proposals "which will 
insure that presently unquantified environmental amenities and values may be given appropriate 
consideration in decision making along with economic and technical considerations" (United 
States, 1969:Sec.102[2][B)). 
The study began with investigations into the question: "How can the value of unpriced 
environmental services be measured and compared with that of priced goods so that rational 
judgments may be made about the total social value of a proposal?" Most of the research effort 
in this study was directed at developing and testing a reliable scaling technique that would allow 
the significance of all outcomes of a proposal to be judged and measured on an interval scale. 
But the study broadened as it became apparent that the development of a scaling technique 
would not in itself provide a satisfactory solution to the real problem implied by the question. In 
addition to the scaling technique, there was a need to provide more general evaluation and 
decision making procedures within which such a technique could be employed. 
Accordingly, the first objective of the study was to develop a suitable philosophical 
framework of evaluation and management that would include a rational strategy of resource 
management, but that would emphasize a practical research methodology for environmental 
evaluation to guide and support that strategy. The approach taken to formulating the 
philosophical framework was to define a specific form of the social welfare function, and to 
identify a general goal and specific objectives for resource allocation with which most people 
could agree. Care was taken, therefor, to base the goal and objectives on premises that are 
relatively uncontroversial. The reasoning was that if contending parties can agree that the 
principles and concepts underpinning the management strategy and evaluation methodology are 
rational and valid, then greater acceptance can be expected both of the evaluation procedures to 
be used and the decisions that will ultimately be taken. 
The environmental evaluation methodology itself is based on a satisficing model, but 
incorporates an optimizing model to be applied when choices are especially controversial. This 
might be regarded as a type of "mixed scanning" or synthesis approach (Janis and Mann, 1977) 
which involves searching for reasonable solutions in the early stages of evaluation, and then 
using more formal techniques for analyzing preferences if no solution is found that would be 
relatively uncontroversial. The criterion that is used to decide whether to satisf ice or optimize, 
and whether to employ informal or formal evaluation techniques, is thus the level of controversy 
that attends a proposal. This is believed to be an original approach to resolving the quandary of 
whether to satisfice or optimize in resource allocation evaluation and decision making. 
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The second objective of the study was to develop a formal method of evaluation to be 
applied to those resource allocation proposals which are especially controversial. This led to the 
development of techniques that could be used to identify the expected outcomes of a proposal, 
compare their relative significance, and determine whether the proposal (or some alternative) 
should be approved. The evaluation procedure that eventually resulted - the Panel Evaluation 
Method - is directed at obtaining group judgments as to both the identity and relative 
significance of outcomes associated with competing proposals, and the extent to which they meet 
specified evaluation criteria. 
The Panel Evaluation Method is based on the so-called "Delphi Method'', pioneered by the 
Rand Corporation in the United States (Pill, 1971). The evaluation procedures which comprise 
the Panel Evaluation Method are intended to ensure that the evaluation process is 
comprehensive, systematic and explicit. This formal method of evaluation, which is directed at 
determining the most optimal solution to a controversial resource allocation problem, is based 
on a heuristic search procedure so that a simple and limited analytical device can be used to 
make complex decisions and solve difficult problems when limited resources are available and 
the decision making environment is relatively unsophisticated. The idea is to be selective and 
cost-effective without losing relevance and credibility, and to provide solutions that have 
operational significance and are acceptable. Thus the major concern is to develop credible 
problem formulation, scaling and trade-off procedures for handling complex, qualitative data. 
Einhorn and Hogarth (1981) state that one must design procedures that are within the 
capabilities of the organism and are functional in dynamic environments. Simon (1978) says that 
we are creatures of "bounded [or limited] rationality'', and so we resort to gross simplifications 
when dealing with complex decision problems. This suggests that the essential task of an 
evaluation method is to structure the choice situation in a way that seems helpful and that will 
reduce the arbitrariness of judgments. Because of our limited ability to foresee consequences or 
obtain information about alternative choices, and because heuristics appears to work well in 
complex environments, human responses may be more appropriate than optimal models in 
guiding choice. The problem with resolving value conflicts at the level of decision rules, rather 
than at the level of individual decisions within the framework of a specific and unique situation, 
is that importance weights cannot be assigned out of context. The Panel Evaluation Method 
stresses content over structure (i.e., the model is context specific), and emphasizes connections 
with the real world and the meaning of choices in a particular framework. 
The third objective of the study was to apply the formal evaluation method and provide 
empirical evidence for assessing the efficacy of this method. This involved considerable field 
work that was accomplished over a period of several years. Two approaches for formally 
evaluating controversial resource allocation proposals were applied to a total of six South 
African case studies. Both approaches feature group evaluation procedures based on Delphi 
concepts of anonymous debate, controlled feedback, and statistical displays of group response. 
When the first approach was applied to two case studies, several difficulties were encounter~d, 
and it was necessary to develop more effective and acceptable procedures for identifying and 
·defining impacts, measuring the relative significance of impacts, and trading-off evaluation 
criteria. The second approach - the Panel Evaluation Method - features three techniques which 
were designed to resolve these difficulties: 
• The Impact Identification Technique provides a mechanism for ensuring that all impacts of 
possible significance are identified and clearly defined. 
• The Significance Measurement Technique is designed to produce a reasonably reliable 
estimate of the relative value of impacts associated with each alternative evaluated. 
• The Criteria Trade-off Technique can be used to apply the three evaluation criteria -
efficiency, equity and sustainability - and make trade-offs when no alternative is superior in 
terms of all three criteria. 
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These techniques were tested in four case studies to judge their general usefulness and 
acceptability. Emphasis was on assessing the reliability of the Significance Measurement 
Technique, since it concerned the principal topic of interest in this study: the challenge of 
determining the value of nonmonetizable impacts. Reliability was assessed by constituting 
several panels to conduct parallel evaluations of identical lists of impacts, and then calculating 
the product-moment correlation coefficient for the weightings given these impacts by the 
respective panels. It was found that the procedures and techniques were useful and produced 
replicable results, and could be modified to meet different circumstances. 
The next section presents a more detailed discussion of the major findings and conclusions 
of this study. 
DISCUSSION OF RESULTS 
This study has resulted in the development of a philosophy of resource evaluation and 
management which is based on a clearly-articulated goal and objectives. This philosophy 
encompasses a resource management strategy and an evaluation methodology to aid decision 
making. The management strategy features a national conservation policy, principles governing 
legislative initiatives, and a general administrative procedure for processing resource 
development applications. The evaluation methodology includes both quantitative and 
qualitative techniques for applying specified evaluation criteria, and features a formal method 
for evaluating especially controversial resource allocation proposals. 
This section presents the major conclusions of the study, discusses the extent to which the 
I 
research objectives have been met, and highlights those aspects of the findings which may be 
regarded as constituting an original contribution to knowledge. 
The Philosophical Framework 
The philosophical framework for guiding resource allocation decisions was found to have 
appeal to virtually all of the participants in the study. No objections were raised concerning the 
acceptability of the premises used to define the goal of resource allocation, nor was there any 
disagreement as to the declared objectives of resource allocation, and to the validity of the 
evaluation criteria that should be applied to resource allocation proposals. 
None of the aspects of the philosophical framework were formally tested or judged in any 
way; while this would have been desirable, it was not thought to be essential to accomplishing the 
principal research objectives: the development and assessment of a formal method for evaluating 
controversial resource allocation proposals. Nevertheless, much support was found in the 
literature for the principal ideas that are presented here. 
The Social Welfare Function 
A special feature of the philosophical framework is a proposed modification of the social 
welfare function in economic theory. This proposal, to modify the social welfare function by 
incorporating the concept of sustainability, is similar to a proposal by Herfindahl and Kneese 
(1974:386-397) but was independently derived. It is believed that this suggestion may constitute 
a modest contribution to the theoretical development of environmental economics and point the 
way to more sophisticated elaborations of the social welfare function and more relevant methods 
for evaluating resource allocation proposals. It is also believed that the Criteria Trade-off 
Technique represents a unique and practical approach to the problem of applying a special 
criterion concerning the possible effects of an action on future generations. 
Although the addition of the sustainability criterion (also called the intergenerational 
criterion) to the social welfare function does complicate the "big trade-off" - heretofore limited 
to the efficiency criterion and the equity criterion (Okun, 1975) - this proposal seems justifiable 
in light of the new environmental circumstances facing mankind. Adoption of the sustainability 
criterion is in line with current thinking about the importance of sustainable development (Allen, 
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1980; Clark, 1989; International Union for the Conservation of Nature, 1980.; World Commission 
on Environment and Development, 1987), and resolves a problem that has long concerned many . 
conservationists: how to counteract the effect of discounting the future stream of costs and 
benefits (a standard procedure for determining efficiency), which creates a bias favouring 
present generations. 
The Management Strategy 
The management strategy presented in this dissertation is not fully developed as this was 
not the central topic of concern. The object was only to present the broad outlines of certain 
resource management issues that were considered especially relevant to developing a 
satisfactory philosophical framework for guiding resource allocation decisions. This general 
strategy would then provide the context for the application of a research methodology designed 
to apply evaluation criteria to specific proposals. 
The adoption of a national conservation policy to constrain the decision making space for 
individual res~urce allocation decisions was particularly germane; such a policy would serve to 
avoid the dangers of cumulative and synergistic effects from decisions taken in isolation. 
Another important aspect of the management strategy was to state the principles which should 
be observed in formulating legislation governing resource allocation decisions. Finally, it was 
believed necessary to outline certain administrative procedures and practices within which an 
effective evaluation methodology could be applied, and which could in fact be regarded as part of 
the methodology itself. 
The Evaluation Methodology 
The central feature of the evaluation methodology presented in this dissertation is the 
attempt to link two general approaches which are commonly used to provide information needed 
to evaluate resource allocation proposals: Environmental Impact Assessment and Cost-benefit 
Analysis. This has been done by adopting a cost-benefit framework within which environmental 
an4.~conomic analyses of resource allocation proposals are integrated. This attempt to extend 
the power and utility of complementary disciplines by combining them into a general approach to 
environmental evaluation is believed to be original and successful. 
The cost-benefit paradigm for both environmental assessment and resource decision making 
is intuitively appealing, and the idea of regarding all the outcomes of an action as either costs or 
benefits is widely accepted and practiced. The cost-benefit concept can be used to apply all three , 
evaluation criteria: 
• to apply the efficiency criterion, what is needed is to know whether benefits exceed costs 
(and if so by how much) for society as a whole; 
• to apply the equity criterion the question pertains to the net benefit (or cost) that would fall 
to particular groups living in society today·; and 
• to apply the sustainability criterion, it is necessary to judge whether benefits will exceed 
costs for future generations. 
The question as to who should make these judgments, and exactly how they should be done, 
depends largely on the degree of controversy that is anticipated and the importance of the 
decision. If the issue is not expected to be particularly controversial, informal methods 
conducted through the interaction of analysts and decision makers will suffice; otherwise, a 
formal evaluation is desired, and the evaluation will have more credibility if it is accomplished by 
a group of unbiased and respected persons, and if it employs procedures which are designed to 
integrate the knowledge and value judgments offered by these persons in an unemotional and 
rational way. 
The information needed to apply the evaluation criteria can be supplied by environmental 
analyses done for an Environmental Impact Assessment, and by shadow-pricing techniques done 
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as part of a Cost-benefit Analysis. The evaluation methodology developed in this dissertation 
makes provision for both formal and informal methods and techniques of evaluation, with 
varying degrees of sophistication. In a country which has relatively little experience with and 
resources for conducting full evaluations of resource allocation proposals, it seems reasonable to 
modify the conventional methods and techniques of evaluation that were developed in the First 
World so that they are easy and inexpensive to apply. Accordingly, relatively simple and 
unsophisticated variations of certain established techniques for estimating the value of unpriced 
effects were developed and applied in several of the case studies. The reasoning behind these 
adapted techniques, and the procedures used, seemed to be acceptable to the key figures for 
whom these studies were done, as well as to the participants in the studies. 
If shadow pricing or other valuation techniques can be applied to unpriced impacts so as to 
estimate the net benefit for each of two competing proposals, then conventional Cost-benefit 
Analysis can be used to determine which proposal is more efficient . Although theoretically 
Cost-benefit Analysis could be applied to each group that would be differently affected, as well 
as to future generations, the high costs, lack of reliable data, and certain theoretical difficulties 
(particularly pertaining to intergenerational questions) would normally preclude a rigorous 
Cost-benefit Analysis for applying the equity and sustainability criteria. Therefore, it is more 
practical to rely on other evaluation procedures (such as the Criteria Trade-off Technique) for 
making judgments regarding equity and sustainability, as well as for determining which proposal 
best satisfies all three evaluation criteria. 
Special attention was given in this study to the problem of making efficiency determinations. 
While shadow-pricing techniques can provide value information which greatly reduces the 
complexity of the analysis, and can sometimes resolve the value uncertainties, a special problem 
exists if there are a large number of completely nonmonetizable impacts. This is often the case 
with resource allocation proposals which are especially controversial. Because such cases are 
usually highly complex, and involve many environmental services which lie outside the normal 
realm of economic valuation, it is generally impossible to calculate shadow price.s for many of the 
unpriced impacts. The challenge then is to adequately take account of the value or significance 
of these impacts, and to weigh their value against those other values that can be expressed in 
monetary terms. 
The Formal Method of Evaluation 
Most of the research effort in this study has been directed at developing and testing a 
method for evaluating controversial proposals which have a large number of nonmonetizable 
impacts. The Panel Evaluation Method was designed to accomplish nine tasks that were 
identified as being of special importance to such an evaluation; following is a discussion of the 
experience gained inf our case studies in a cc om plishing these tasks. 
Establishing the Terms of Reference 
Great difficulties were experienced in simply determining what was wanted and what was 
possible. It is therefore concluded that it is of the utmost importance to spend considerable time 
clarifying the brief and exploring the possibilities of finding some compromise solution to the 
resource allocation conflict. Frequent and thorough consultations with key parties can help 
ensure that investigations are relevant, and that the evaluation procedures employed are 
appropriate and necessary. 
Describing the Study Area 
No particular problems were experienced in accomplishing this task. The challenge is to 
gather enough data to guide the evaluation process without wasting time and effort accumulating 
extraneous data that will only cloud the evaluation. 
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Identifying the Final Proposals 
This remains a difficult task, and no special procedures were discovered that would greatly 
facilitate its accomplishment. What is needed is a commitment to consultation and negotiation, 
as well as considerable patience and ingenuity. Feedback on the acceptability of proposals is 
important, and therefore there should be some mechanism for effecting a dialogue (direct or 
indirect) between proponents and opponents of a proposal. What will normally be required is an 
iterative process of design, comment and re-design, which may continue beyond the proposal 
generation stage into the assessment stage. But it is important to have absolute clarity as to 
exactly what actions will be involved before the proposal is finally evaluated, including the 
mitigation or compromise measures that will be regarded as constituting an integral part of the 
proposal. 
Selecting an Evaluation Panel 
Although there are several important considerations in choosing the members of an 
evaluation panel - such as type of background and training, level of ability and knowledge, and 
motivational factors - perhaps the most important is that the panel will be respected by the 
principal parties involved in the controversy, particularly the decision makers. This means that 
individual panelists must be acceptable, and that the overall balance or composition of the panel 
seems reasonable (in terms of disciplinary orientation, professional affiliations and other 
characteristics which influence attitudes, opinions, values and general knowledge). 
The chain-referral technique proved to be a generally-accepted means of obtaining a list of 
prospective panelists, but concern was sometimes expressed about allowing the project 
coordinator to initiate this process and then undertake the final selection. One solution is to 
send the initial letters to all key parties that can be identified with interests in the issue; another 
is to use clear, objective selection criteria, or some random selection process. Of greatest 
importance, however, is that the proponents of proposals, as well as the authorities who must 
make the final decision, have an opportunity to veto_ the selection of any panelist, and that this is 
done iri a way that ensures full confidentiality. -~ 
Identifying and Defining the Impacts 
The difficulty and vital importance of this task was greatly underestimated at the outset of 
this study. While impact identification and definition was initially seen as a straightforward and 
relatively simple task, in retrospect, the development of the Impact Identification Technique is 
seen as one of the major contributions made by this study to the field of environmental 
evaluation. 
A common failing in environmental evaluation is that environmental analysts often overlook 
potential impacts, or else summarily dismiss those that are very complex (such as subtle or long-
term impacts) or those that seem of no consequence to the analyst (such as impacts of special 
concern to different cultures or socioeconomic groups). In an attempt to rectify this common 
failing, early Environmental Impact Assessment techniques emphasized rather mechanical 
procedures (such as comprehensive checklists and matrices) to ensure that all potential 'impacts 
would be identified. But this had the subtle effect of diverting attention away from the need to 
precisely define and describe impacts, and to focus on what could be done about those impacts 
which were of major concern. 
The result was often the production of impact reports which were encyclopaedic rather than 
analytic in nature (Lee, 1982), and which did not provide the kind of information that was really 
needed to aid evaluation and decision making. Typically these reports contained too much 
material on minor impacts (usually biophysical and intermediate impacts which were relatively 
straightforward and easy to analyze) and not enough material on major impacts (usually 
socioeconomic and end impacts which were relatively complex and difficult to analyze). 
The problem begins with impact identification. Many practitioners believe that this simply 
involves using a matrix or some other technique to identify the potential interaction of project 
actions with environmental characteristics. But an impact has not been truly identified until it 
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has been precisely defined. Every individual has a different perception of reality, and a different 
understanding of the implications of an action. Forecasting the actual effects of an action is 
notoriously difficult, but it is also surprisingly difficult to simply define a potential problem and 
communicate one's understanding of the problem to another person. 
This is an exceedingly significant obstacle to environmental assessment and evaluation: if 
the impacts that are of concern to the affected publics are not fully identified and clearly 
articulated, investigations may be irrelevant and the evaluation may be judged specious. The 
contending parties will then not be satisfied, and the decision maker will lack the information he 
needs to determine which proposal is in the overall best interests of society. 
Related to this problem is the fact that the potentially affected publics on the one hand, and 
those who are charged with evaluation on the other, often do not work in concert in 
accomplishing this task. In fact, the affected publics are often not given adequate opportunity to 
voice their concerns; or if they are, these concerns may well be misinterpreted by those who 
undertake to evaluate these concerns. Therefore, it is important that an iterative procedure 
involving both groups simultaneously is employed, and that impact definitions are refined until 
all parties are satisfied. 
The Impact Identification Technique ensures that the list of impacts will be comprehensive 
and fully relevant, so that all matters of concern or potential significance to anyone will be 
identified, defined, assessed and evaluated. This will improve the credibility and acceptability of 
the environmental evaluation process. 
Another aspect of impact identification that is of crucial importance to the evaluation 
process is to ensure that all impacts are expressed in a way that clearly indicates their ultimate 
effect on social well-being; in addition, it is important that each impact is independent in its 
effect. Commonly the initial list of impacts that is generated will contain many impacts that are 
ambiguously worded, or that concern some effect not directly related to social well-being; in 
addition, some of the impacts often interact or overlap in some way, giving rise to double 
. ·::counting. Finally, the list of impacts will generally be too long and unwieldy (as well as too 
confusing) to be effectively evaluated. 
The procedure for synthesizing impact definitions, and arranging impacts in a hierarchical 
structure, is a particularly important innovation of the Panel Evaluation Method. This 
procedure, in which "subimpacts" (intermediate impacts, or interacting/m;erlapping impacts) 
are grouped under crisply defined "impacts" (end impacts, which are independent in their 
effect), facilitates the evaluation process by reducing the number of impacts to be evaluated and, 
more importantly, by ensuring that the evaluation is theoretically sound, and that everyone is 
clear about what is actually being evaluated. 
In Case Study 4, the various iterations of Impact Identification Technique were 
accomplished through the post. While this was satisfactory, it did take considerable time. In 
Case Studies 5 and 6, the technique was modified to allow some or all of the iterations to be 
accomplished in a meeting situation. These variations in the procedure were successful, and 
made it possible to obtain the final lists in a much shorter time. 
In Case Study 5, an investigation was initiated into the question as to whether two panels 
would produce essentially the same list of impacts, and whether the project coordinator might 
influence impact identification and definition. The results indicate that the Impact Identification 
Technique is capable of producing replicable results, and that the project coordinator does not 
bias the panel's thinking. On the contrary, the iterative nature of the procedure, and the 
assistance of the project coordinator in re-organizing and re-defining impacts, appears to 
stimulate, clarify and enhance panel thinking so that better impact definitions are obtained. 
Preferences depend on a how a decision problem is framed, and this dependency is a 
significant concern for the theory of rational choice (Tversky and Kahneman, 1981). It is hard to 
overemphasize the importance of framing the problem as clearly and accurately as is humanly 
possible. One must live with cognitive limitations, and accept that one can get reversals of 
preferences if problems are framed differently. The challenge is to frame problems in such a 
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way that the cogmttve environment will enable a meaningful, unambiguous and acceptable 
interpretation of acts, outcomes and contingencies or conditional probabilities. One of the 
major conclusions of this study is that an iterative approach to impact identification and 
definition, guided by a sensitive project coordinator, can vastly improve the way in which impacts 
are phrased and organized, and the way in which the resource allocation problem is framed; and 
this enhanced clarity will in turn greatly improve and increase the relevance of the assessment 
and evaluation process which is to fallow. 
Investigating the Impacts 
This aspect of the environmental evaluation process did not receive major attention in this 
study. The literature is replete with methods and techniques of environmental assessment, and a 
number of useful procedures are available. Due to resource limitations, relatively perfunctory 
investigations were sometimes done to supply information to the evaluation panels in the case 
studies, and it was often necessary to rely heavily on secondary data. In some cases, adequate 
information was available and panelists felt confident in making subjective value judgments 
about the significance of the impacts and the extent to which proposals met the evaluation 
criteria. In other cases, however, panelists complained that they lacked information on which to 
base their evaluations, and there is no doubt that a thorough environmental assessment is 
essential to undertaking a sound evaluation. 
Nevertheless, it is also true that one can overload panelists with data, and so it is important 
that impact reports are concise and well-structured. Accordingly, emphasis was placed on 
developing a report presentation that would communicate the salient findings in a style and 
format that was clear and consistent. For example, in Case Study 6, the first part of the ''Delphi 
Briefing Document" presented a brief description of the situation, the alternatives, the affected 
environment, and the affected groups; the second part then presented, for each impact (defined 
as either a cost or benefit) in turn: (1) a definition of the impact; (2) a listing of the different 
social groups that would be differently affected by the impact; (3) a description of the nature ~f: 
the impact; ( 4) a discussion of the magnitude of the impact; and (5) (if applicable) a description 
of the mitigation measures that were planned. Several panelists commented that this 
presentation made the impact report a useful reference tool in accomplishing the evaluation 
tasks. 
Judging the Significance of Impacts 
The task of greatest research interest in this study was to develop an acceptable approach to 
evaluating the relative significance of impacts. The reason why this procedure is regarded as 
being so important is that the efficiency criterion is the criterion which appears to be most widely 
accepted and which has particularly great influence in resource decision making. 
The Significance Measurement Technique has been tested in a number of applications (a 
total of 16 panels of 8 to 24 persons each evaluated two or more lists of impacts) and the 
technique has substantially met the tests that were applied for determining whether the 
technique improves group judgments. Specifically, there was movement toward consensus as 
evaluations were repeated; the final impact rating scores were normally distributed; and the 
impact weighting scores of different panels were well-correlated. In addition, the technique was 
found satisfying by the panelists themselves; typical comments were that the procedures helped 
to clarify and refine their thinking, and that the combined judgment of the group was probably 
more trustworthy than their own personal judgments. 
The essential nature of this task is to judge how all members of present-day society would 
feel (if they had the best-available ~nf ormation and were acting as impartial observers) as to the 
relative importance, value, utility or significance, of a list of forecast outcomes associated with a 
proposal. This is obviously a most difficult task, but resource allocation decisions require that 
judgments of this kind be made (along with other kinds of judgments, including judgments about 
fairness and sustainability). 
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Since this task is intended to provide data which can be used to determine whether a 
proposal is efficient, or is more effident that a competing proposal, it is important to separate 
judgments concerning equity and sustainability from those of efficiency. Therefore, panelists 
are presumed to be able to distinguish between these considerations for the purpose of ascribing 
rating and weighting scores. While it may be arguable whether panelists can in fact do this, it is 
maintained that even if there is some confusion as to the extent to which other criteria are 
influencing rating and weighting judgments, this does not detract from the value of the exercise, 
particularly since the same confusion will influence the judgments of the ultimate decision 
maker. 
Because of the inherent difficulty in judging the relative significance of impacts on an 
interval scale, the panelists are first asked to spend considerable time and effort in rating the 
impacts. It seems preferable to put extra effort into the relatively simply rating procedure in 
order to gently introduce the panelists to the task of judging the relative significance of the 
impacts, and then to gradually move into more difficult and complex scaling judgments. Only 
after panelists have become intimately familiar with judging the importance of the impacts using 
a rating scale are they asked to accomplish the much more difficult task of weighting the impacts 
using a ratio-scoring procedure. Rating is particularly valuable when there are a large number of 
impacts to be weighted, since before ratio-scoring can be done it is important to first rank-order 
the impacts, and this can easily be accomplished once the impacts have been rated. 
Panelists did not experience any serious difficulties with the 7-point rating scale, which 
seemed to provide a reasonable spread of possible responses; consideration had been given to 
using a 5-point scale, but panelists felt comfortable that they could discriminate between seven 
levels of importance, and this greatly facilitated the ranking process. A 9-point or higher scale 
would have not helped significantly to achieve a ranking of the impacts, and could have made the 
rating procedure laborious and confusing. 
Three iterations with feedback (plus a fourth iteration without feedback just before the 
rating) was found to be manageable and useful. The provision of three rounds of feedback helps 
to focus attention on areas of disagreement, and provides greater opportunity for anonymous 
debate and careful reflection. It was found that the third iteration often improves consensus, 
and panelists seemed to welcome two rounds of comments as well as the third feedback of 
histograms before making their final judgments. 
Ranking of impacts was a straightforward exercise, but a few panelists had difficulty with 
the ratio-scoring procedure. While some individuals are just not comfortable with using a ratio 
scale, most people intuitively understand the ratio concept and seem able to apply it with ease. 
Nevertheless, the scaling or weighting process requires careful concentration, and many 
panelists found this part of the procedure particularly demanding and exhausting. It was not 
thought necessary to have a second iteration of weighting because panelists had already given 
considerable thought to the relative importance of the impacts during the rating process, and 
judgments are not likely to be improved by a second iteration of weighting; in addition, panelists 
are not likely to be very receptive to the idea of conducting any further evaluations at this stage. 
The ratio-scoring procedure is based on a procedure suggested by Edwards (1977), who 
pointed out that there is greater likelihood of finding common ground amongst a group of 
individuals at the lower end of a scale. This led to what is believed to be an original contribution 
to knowledge: the concept of the "threshold of significance", and the suggestion that the 
"threshold impact" may constitute an acceptable common point of origin which will permit the 
aggregation of judgments by a number of people. It was postulated that using procedures similar 
to those suggested by Edwards, and assuming that two evaluation panels are similar in certain 
respects, the judgments by these two panels would be essentially the same. This would indicate 
that the evaluation procedure would constitute a reliable means of determining the relative 
significance of a list of unpriced impacts. If such a procedure can be shown to produce results 
which are consistently replicable, then it may gain acceptance as an aid to decision making, 
particularly in cases which are highly controversial. 
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The results of the tests have been positive. The Significance Measurement Technique has 
been applied by 16 panels evaluating a total of 33 lists of impacts. The technique has 
substantially met tests that have been devised for determining whether a procedure improves 
group judgment; for example, there is almost always movement toward consensus over three 
iterations of rating, and distributions on the third iteration are almost always unimodal. In 
addition, replicability was assessed for 95 pairs of impact lists involving 13 panels, and the 
weightings were consistently well-correlated. 
The Delphi procedures thus appear to be effective in bringing about improvements in group 
judgment. The restrictions on group interaction serve to reduce emotional influences that could 
distort subjective value judgments, yet there is an effective means of communicating important 
factual information (through anonymous written comments). The controlled feedback on group 
thinking (through histograms and written comments), and the iterative nature of the evaluation 
procedure, serve to dampen cognitive dissonance and bring differences of opinion under closer 
scrutiny, and encourage panelists to examine their value judgments more deeply. 
Nevertheless, some panelists felt that they would like to communicate more freely, and 
therefore consideration might be given to providing opportunities for debate and discussion in 
another forum (perhaps after the site visit, or the review of the impact report). Others thought 
that in spite of being given a warning about the band-wagon effect, there was still subtle pressure 
to conf arm to group thinking; therefore this warning should be given repeatedly during the 
Delphi session. (In any case, this objection - which has often been raised about the Delphi 
Method - is perhaps not quite so serious in this case since the final output consists of the 
weightings, and these are done once only and cannot be directly influenced by feedback.) 
The technique can be accomplished at low cost, either in a meeting or by post. Tests 
indicate that both approaches can produce satisfactory results. In addition, there are indications 
that it is not essential for the panelists to be involved in the impact identification and definition 
process, so long as considerable attention has been given to this critical task. The characteristics 
·. and composition of the panel may also not be so important, so long as the panelists are 
acceptable to the key parties, and there are enough panelists to create a group dynamic and 
provide adequate feedback. While more research is required to confirm these conclusions, the 
results of the testing in Case Study 4 indicate that the Significance Measurement Technique is 
more robust than was first thought. 
If the technique is applied in a meeting situation, it can produce evaluations of two 
proposals in less than four hours. The use of a microcomputer to speed feedback of histograms 
during the rating procedure helps maintain panel interest and concentration. The 
microcomputer (which is widely available now in South Africa) is not, however, essential. The 
equipment that is essential for conducting the evaluation is relatively simple and readily 
available, and the forms that must be completed are easy to understand and use. The mechanics 
of the evaluation process are not difficult to follow, so that people can be quickly instructed to 
perform the needed tasks; in addition, there is some flexibility in how to conduct the major 
procedures, so as to accommodate particular circumstances. 
It is concluded that the Significance Measurement Technique constitutes a reliable and cost-
eff ective approach to determining the relative significance of all the outcomes of a proposal. 
This means that it is possible to obtain subjective value judgments in a way that is relatively 
objective, which should improve the acceptability of such data. While no claim can made for the 
validity of subjective data, the fact that these data are replicable should greatly increase their 
credibility and usefulness in environmental evaluations and resource management.1 
Applying the Criteria 
Comparatively little attention was given to this task because the focus of the research was 
on developing and testing the technique for judging the relative significance of impacts. 
A discussion of how this information can be used to determine if a proposal is efficient or not is discussed in a 
later sub-section of this chapter (see Analyzing the Results). 
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Nonetheless, this is obviously a vitally-i~portant task which warrants far more attention than has 
been possible to give to it in this study. 
Many approaches have been developed for applying multiple criteria to a decision making 
problem (see Appendix D). While any of these methods can be used to trade-off the evaluation 
criteria, most are relatively complex and - to one not trained in higher mathematics - even 
arcane. In addition, the application of these methods is generally time-consuming and requires 
considerable effort. Hence these approaches are not likely to achieve a high level of acceptance 
in the type of decision making environment which prevails in South Africa. For these reasons, a 
simple technique was developed during the course of this research which - while very 
unsophisticated - at least draws attention to the essential nature of the problem, and forces 
individuals to approach the problem in a systematic way, and to articulate the reasoning they 
would apply to the trade-offs involved. 
The Criteria Trade-off Technique is normally applied at the end of the Delphi meeting, 
after the panel has applied the Significance Measurement Technique. By this stage, the panel 
has spent considerable time judging the relative significance of impacts associated with 
competing proposals, and for this reason (as well as other practical reasons) the technique calls 
for the efficiency criterion to be applied first. In applying the Significance Measurement 
Technique, panelists have not explicitly considered whether total costs exceed total benefits, but 
by the time the comparative evaluations of impact significance are done panelists seem to have 
developed a good feel for whether the proposal would be efficient or not. They have also given 
some thought as to which social groups would be differently affected, and what the implications 
would be for future generations. 
Panelists did not find it difficult to write short statements applying each of the three 
evaluation criteria. But the next step - trading-off the criteria - was found to be more difficult. 
Several panelists complained that such difficult judgments should not be attempted at the end of 
an evaluation exercise that was primarily directed at accomplishing other objectives. 
Therefore it may not always be desirable to try to accomplish this importan_t objective .l).t the 
end of the panel meeting; this depends on the perceived difficulty in trading-off the criteria in a 
particular case. For example, in Case Study 3 a separate meeting was organized to apply and 
trade-off the evaluation criteria, but the panelists who participated felt that the results were so 
obvious that the special meeting was a waste of time. By contrast, most of the panelists involved 
in Case Study 4 appeared to find the situation more complex and the trade-offs more difficult, 
and some complained that it was quite demanding and tiring to apply the technique. This was 
confirmed by a review of their personal evaluation statements, which indicated that there was 
much doubt and confusion among panelists in applying the criteria. 
In Case Study 6, more attention was given to this task because the brief was to first identify 
the most promising proposal, and then determine whether the benefits of this proposal would 
exceed its costs. It was decided to reverse the usual procedure and apply the Criteria Trade-off 
Technique to determine which of three proposals best satisfied all three evaluation criteria, ang 
then to apply the Significance Measurement Technique to determine whether this proposal 
would have a net benefit. The iterative rating procedure was used to apply the Criteria Trade-off 
Technique, and there was good agreement as to which of the three proposals was superior. This 
variation of the Criteria Trade-off Technique was judged successful, and it is felt that this 
approach warrants more development and testing. 
Analyzing the Results 
This task is concerned with providing the decision maker (and all concerned parties) with a 
rational and lucid account of how the proposals measure up in terms of the specified evaluation 
criteria. There are two major aspects to this task: 
• analyzing the results of the Significance Measurement Technique to determine which 
proposal best satisfies the efficiency criterion; and 
';;,.,· 
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• analyzing the results of the Criteria Trade-off Technique to determine which proposal best 
satisfies all three criteria taken together. 
The Efficiency Determination 
There are two ways of employing the Significance Measurement Technique to make 
efficiency determinations: the fractional contingency price valuation procedure, and the 
comprehensive valuation procedure. .After testing both approaches, it is concluded that the 
comprehensive valuation procedure is to be pref erred. 
The fractional contingency price valuation procedure is judged to be of marginal value in 
conducting formal evaluations. Although the basic concepts are simple enough, the application 
of the procedure is rather intricate and involved, and may not be readily accepted by decision 
makers and the general public (particularly in the case when the alternatives being compared 
both have significant costs and benefits, and it is necessary to make rather abstruse adjustments 
before fractional contingency prices can be calculated). In addition, two fundamental problems 
arise in applying this procedure: 
• The procedure has an aura of precision which is misleading, since it involves mathematical 
operations which imply that relatively precise estimates of the relative significance of 
unpriced impacts can be obtained. 
• The procedure requires the calculation of the excess monetary value of one proposal over 
another, and the data necessary to do this will not always be available. 
The first problem is that judgments of impact significance may simply not be considered 
sufficiently reliable to calculate fractional contingency prices in which one has real confidence. 
The variation in impact weightings that can be expected between panels is great enough to result 
in fractional contingency prices that would not meet sensitivity tests in many cases. In addition, 
there is the possibility that fractional contingency prices for different impacts would result in 
different judgments, partly because of an insufficient standard of reliability, and also because 
one would expect some degree of intransitivity in making judgments when several different 
impacts are judged against different monetary values. 
The second problem is that itt order to calculate the excess monetary value of one proposal 
over another, it is necessary to know the present discounted value of the proposals. But resource 
limitations in South Africa (and many other developing countries) often preclude the application 
of formal Cost-benefit Analysis, or result in inaccurate or misleading results. Finally, not all of 
the financial implications of a proposal can always be captured or adequately conveyed in a 
single figure, particularly for programme or policy proposals. In any case, there is no real reason 
to base the evaluation on a monetary measure; what is important is whether (and to what extent) 
total benefits exceed total costs using some "measuring rod" (such as significance intervals based 
on ratio judgments), and therefore the financial implications can simply be described and listed 
as benefits (if positive) or costs (if negative). 
Since it was decided that it was not necessary or desirable to use the fractional contingency 
price procedure, the last three case studies done for this dissertation involved the application of 
the comprehensive valuation procedure. Financial implications were listed along with other 
outcomes, so that their value relative to unpriced outcomes could be judged. In the first of these 
studies, Case Study 4 (the Palmiet case study), all outcomes were expressed as benefits in order 
to reduce the number of lists that had to be evaluated. This approach - which is believed to be 
original - had mixed results. While it did shorten and simplify the evaluation process to some 
extent, some panelists found it difficult to conceptualize the value of those "direct benefits" 
which were offered by both proposals but differed in degree, and felt uncomfortable with the 
concept of considering as "indirect benefits" the costs that would result if the alternative 
proposal were chosen. 
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In the next two cases, the Infanta and Sandton case studies, panelists were asked to evaluate 
a list of costs and a list of benefits for the proposals under consideration. Again, financial 
implications were listed along with nonmonetary implications so that they could simply be scaled 
against unpriced impacts. This seemed to be more acceptable to the panelists, but there was then 
the question as to whether the weights assigned to costs could legitimately be aggregated with 
those assigned to benefits in order to determine whether costs outweighed benefits. A related 
question is whether evaluations of the net benefit calculated for different proposals can be 
compared. The answer depends on whether the variation in the value of the threshold impacts 
on different lists is judged to be within acceptable limits. 
In Case Study 6, panelists were asked to indicate whether the threshold impact on the list of 
costs was equivalent in significance to the threshold impact on the list of benefits. Only three of 
13 panelists felt that they were not equivalent, and even these three panelists indicated that the 
variation was not particularly great. While this is certainly not conclusive evidence that one may 
regard the threshold impacts on two lists as constituting a common point of origin, it is 
encouraging that the panelists in this case were satisfied that they were, and that the weightings 
on the two lists· could be aggregated. Nevertheless, further research needs to be done to 
determine just how reliable this purported common point of origin is, and what might be done to 
ensure that threshold impacts on two lists are of comparable significance.2 
Identification of the Preferred Proposal 
Once the efficiency determination has been made, it is necessary to analyze the proposals in 
terms of the other two evaluation criteria, and suggest which proposal is in the best overall 
interests of society. The analysts responsibility here is to accurately summarize the personal 
evaluation statements, and clearly communicate to the decision maker the reasoning behind the 
judgments made by the panelists. While the personal ev(!.luation statements that were obtained 
during the course of this research were generally unsatisfactory, it is felt that if careful attention 
were given to explaining the Criteria Trade-off Technique to the panelists, and sufficient time 
were allowed for the 'preparation of these statements, they could prove to be most helpful to the 
decision maker in undertaking this difficult task himself.3 
CONCLUSION 
In conclusion, a philosophy of resource evaluation and management has been presented 
which provides both a way of thinking and a guide to action that should be acceptable to persons 
with diverse views, responsibilities and interests. Of particular importance, a formal evaluation 
method for utilizing group judgments has been developed for especially contentious or 
controversial resource allocation proposals. This method - the Panel Evaluation Method - has 
been designed to take advantage of available expertise, obtain informed opinion from respected 
parties, and provide a thorough and practical evaluation of the implications of the leading 
alternatives in terms of criteria relevant to resource allocation decisions. 
The Panel Evaluation Method has been demonstrated to improve group judgments and 
produce reliable results. In addition, the method has proved to have low resource requirements, 
and to be easy to apply, cost-effective, versatile, and applicable to virtually any resource 
allocation decision. In fact, each of the six case studies that were undertaken during the course 
of this study involved a different kind of resource allocation decision and a different type of 
2 One interesting test would be to combine costs and benefits on one list and ask individuals to undertake 
repeated measures of three or more impacts; in different sets of impacts, along a positive-negative continuum. 
The object would be to determine whether scale values (weights) are invariant (consistent) with respect to the 
values of the remaining impacts in the set (and in agreement ·with the values assigned using the standard 
Significance Measurement Technique), and the conditions necessary to achieve this. 
3 It would be interesting to use the general procedures associated with the Significance Measurement Technique 
to see if one could obtain more refined and replicable results in applying evaluation criteria (through the 
iterative process of rating with feedback) before panelists prepare their final personal evaluation statements. 
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conflict. Some of these case studies also involved the, application of one or more evaluation 
techniques in addition to those that comprise the Panel Evaluation Method. These results serve 
to demonstrate the general adaptability and flexibility of the method. Finally, the results of the 
testing programme indicate that the Panel Evaluation Method produces useful results, and has 
high user acceptability. 
A major advantage of employing the Panel Evaluation Method is that the busy decision 
maker can then carefully review the' results of a thorough, independent and respected evaluation 
to see whether he is in agreement, or whether re-evaluation of some questions might be desired, 
or whether different conclusions might be drawn. In this way, the decision maker is not 
operating in a "vacuum" -
• he benefits from the experience and intuition of others; 
• he can be assured that a comprehensive and clearly-defined list of impacts has been 
generated; 
• he can point out to his constituencies that a systematic and unbiased evaluation of their 
concerns has been accomplished; 
• he can refer to both quantitative and qualitative evaluations (viz., the Significance 
Measurement Technique and the Criteria Trade-off Technique) in which subjective value 
judgments have been made explicit; 
• his attention can be focused on the truly significant possible outcomes; 
• he should be less vulnerable to having his judgment distorted by those with special interests, 
and less subject to influence by individuals who happen to have ready access to him; 
• · he might find his. personal judgments substantiated and so be able to cite support for his 
decision; 
• he will be inclined to carefully reconsider points where disagreement exists; and, finally, 
• he will feel more inclined to justify his final decision and clearly explain his position when 
disagreement persists. 
All this is in the best interests of both the decision maker and society: the procedures which 
comprise the method encourage best use of the always imperfect information which is available, 
so that resource allocation decisions will be improved and better received by all concerned. 
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APPENDIX A 
THE HISTORICAL DEVELOPMENT OF ENVIRONMENTAL EVALUATION 
In recent years, there have been many attempts to develop practical assessment and 
evaluation procedures for resource allocation proposals. This appendix presents a brief history 
of how Environmental Impact Assessment and environmental evaluation has evolved both 
overseas and in South Africa. 
The Development of Environmental Impact Assessment 
The Limitations of Cost-benefit Analysis 
One of the first formal methods that was developed to evaluate the economic, social and 
environmental consequences of alternative resource allocation actions was Cost-benefit 
Analysis, which was initially applied to major water resource projects in the United States in the 
1930's (Kneese, 1984; Pearce, 1983). While this method (see Cost-benefit Analysis in Chapter 3) 
has since been widely used in a variety of applications (Abelson, 1979; Common, 1988; Mishan, 
1975) it has been criticized for its failure to give adequate treatment to the sometimes substantial 
nonmonetizable social and environmental costs associated with some proposals, and the failure 
to adequately consider the different implications for various social groups and future 
generations. In the United States during the 1960s these criticisms grew with increasing evidence 
that major developments were having unacceptable side-effects, and there was a groundswell of 
public opinion that some mechanism was needed to ensure that unpriced social and 
environmental costs would be given adequate consideration in the decision making process 
(Clark, 1984; Pearce, 1983). 
The National Environmental Policy Act 
These concerns finally resulted in passage of the National Environmental Policy Act on 
January 1, 1970. This act, among other things, legislated a new requirement that agencies must 
prepare an Environmental Impact Statement when considering any federal or federally-funded 
action which could significantly affect the quality of the human environment (United States, 
1969:Sec.102[2][C]). The process which was to guide the preparation of the Environmental 
Impact Statement became known as Environmental Impact Assessment, which has been defined 
as the administrative process by which the environmental impact of a proposed action is 
determined (Fuggle, 1983:488). The object of the Environmental Impact Assessment was to 
provide information that would help agencies decide whether the adverse environmental impacts 
of projects outwe~ghed their benefits. 
Environmental Impact Assessment 
Environmental impact assessment is generally understood to be the investigation and 
documented analysis of any proposed action that could have adverse consequences for the 
human environment. While Cost-benefit Analysis is directed at "weighing up" both beneficial 
and adverse outcomes to produce an explicit evaluation of a proposal (Pearce, 1983), 
Environmental Impact Assessment is directed at providing information about adverse impacts so 
that a proposal can be improved, or so that a comparatively informal or implicit evaluation can 
be done to determine whether the proposal should be adopted (Hollick, 1986). In fact, 
Environmental Impact Assessment was developed because some mechanism was needed to 
generate data for improving a proposal, and for ensuring that adequate consideration was given 
to unpriced impacts. This was because with many resource allocation proposals the problem was 
not just simply determining whether benefits exceeded costs (this was often - though not always -
fairly obvious) or by how much (this was often not really germane), but rather whether adverse 
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impacts could be avoided or mitigated, and how the proposal could be made acceptable to all 
concerned parties. 
In the early days of Environmental Impact Assessment, emphasis was placed on 
investigating and documenting impacts on the "natural" (or biophysical) environment, and giving 
some indication of how these impacts would affect social well-being (Conover et al., 1985). 
Direct impacts to the "human" (or socioeconomic) environment were often left to Cost-benefit 
Analysis or some other type of assessment, such as "Social Impact Assessment" 
(Finsterbusch, 1985; Finsterbusch and Wolf, 1977; Lang and Armour, 1_981; U.S. Army 
Engineers, 1975). But in more recent times, in the U.S. and elsewhere, the term Environmental 
Impact Assessment has come to mean an investigation into any action that 
• could potentially affect social well-being, directly or indirectly, through impacts on either 
the natural or human environment, and 
• results in a document which explains how social well-being would be affected by these 
impacts, recommends measures to avoid or mitigate these impacts, and analyzes alternatives 
to the proposed action (Bisset, 1987; Hallick, 1986). 
While the National Environmental Policy Act required an Environmental Impact Statement 
to be prepared for any action which could significantly affect the environment, it did not 
precisely define what was meant by the terms "action" or "significantly'', nor did it attempt to 
prescribe what methods and techniques should be used to undertake environmental assessment. 
The framers of the Act did call for all agencies of the federal government to "utilize a systematic, 
interdisciplinary approach which will insure the integrated use of the natural and social sciences 
and the environmental design arts in planning and in decision making which may have an impact 
on man's environment" (United States, 1969:Sec.102[2][A]). The U.S. legislators also called for 
the development of new methods and techniques for evaluating the significance of impacts on the 
quality of the human environment "which will insure that presently unquantified environmental 
amenities and values may be given appropriate consideration in decision making along with 
economic and technical considerations" (United States, 1969:Sec.102[2][B]). 
Environmental Evaluation 
Since the passage of the National Environmental Policy Act many methods and techniques 
of environmental assessment and evaluation have been developed in the United States and 
elsewhere. Early methods consisted of essentially mechanical processes for gathering, 
organising and communicating data, such as checklists, matrices, overlays, and networks 
(Shapley and Fuggle, 1984; Bisset, 1987). In these early methods, emphasis tended to be on 
ensuring that potential impacts were identified, and less attention was given to ensuring that 
these impacts were adequately defined or described (Lee, 1982). In addition, although these 
early methods often called for explicit evaluations of impacts, in most cases such evaluations 
were not conducted in a rigorous manner, and were accomplished by one or more analysts with 
no special standing in the eyes of the decision maker or society as a whole. 
Subsequently, greater attention was given to developing more formal evaluation methods 
which were often tailored to particular applications (e.g., water resource development projects), 
such as the Environmental Evaluation System (Dee et al., 1973) and the Sondheim Method 
(Sondheim, 1978). These methods also had serious shortcomings, such as relatively great 
resource requirements (e.g., time, money and manpower) and inbuilt rigidities which made it 
impractical to adapt them to many specific resource allocation problems. 
Today most practitioners of Environmental Impact Assessment throughout the world have 
adopted procedural mechanisms for guiding analyses of competing resource allocation 
proposals, and rely on relatively informal evaluations rather than special techniques or formal 
methods of assessment and evaluation (Hallick, 1986). No single "technique", "method" or set 
of "procedures" has been found to have universal applicability, nor has a satisfactory 
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"methodology" of environmental evaluation been developed (Beanlands and Duinker, 1984; 
Bisset, 1987; Haug, 1984a; Lee, 1982). 
Warner and Preston (1974) found that in the 'early i970's none of the more well-known 
assessment or evaluation methods and techniques had been adopted or used by any federal 
agency after initial trials. Bisset (1980) confirmed that at the end of the 1970's, despite an 
increase in the number of complex methods based on numerical computations, no method had 
emerged which met all the criteria which had been established for undertaking impact analyses. 
In both the United States and the United Kingdom, there were indications that quantitative 
methods would play a decreasing role in impact analysis, and there was a need for methods which 
providing information in a qualitative, disaggregated form (Bisset, 1980:27; Hollick, 1981a). 
This situation has continued into the 1980's. Hollick (1986:163) states that Environmental 
Impact Assessment techniques for quantifying environmental social values, such as matrices and 
scaled checklists, have generally been found wanting and the use of such methods is now 
comparatively rare. Moreover, there has been a trend away from concern with formal 
procedural issues toward concern with the effectiveness of Environmental Impact Assessment in 
actually reducing environmental impacts, and the efficiency of the process (Hallick, 1986:158). 
Emphasis has shifted from numerical evaluation techniques toward more political evaluation 
processes (Hollick, 1986:175). 
In the United States, agencies have begun adopting a relatively unstructured and 
nonmechanical approach to assessment. The assessment process is now generally guided by 
common sense and the exigencies of particular situations, and the evaluation process emphasizes 
qualitative rather than quantitative data. Most agencies have developed general guidelines for 
conducting Environmental Impact Assessment, within which specific methods and techniques of 
assessment or evaluation can be applied if deemed appropriate (Paine, pers. comm.). 
Meanwhile, in the Third World, Biswas and Geping (1987:192) maintain that it is now quiet 
evident that detailed, expensive, time-consuming and sophisticated Environmental Impact 
Assessment techniques that were 4eveloped for the first World are unlikely to be of much 
practical value for use in developing countries in an operational sense. Among the general 
principles that Biswas and Geping (1987:193-194) list to guide the development of 
Environmental Impact Assessment in the Third World are the following: 
EIA reports should be presented in a simple form so that decision-makers can 
readily digest and make use of the analysis in making rational decisions .... EIA 
should aim at maintaining the availability and use of natural resources on a 
sustainable basis .... expected changes in environmental values, which often can 
only be considered in a subjective way, have to be taken into account in the 
decision-making process .... legal and institutional mechanisms need to be 
simultaneously developed .. . 
Biswas and Geping (1987:204) also suggest that extended Cost-benefit Analysis methods are 
more appropriate for developing countries than conventional Environmental Impact Assessment 
methods. 
Environmental Impact Assessment is a process that is still evolving to respond to 
deficiencies in the environmental resource allocation process (Caldwell, 1987; Eplan, 1987; Hill, 
1987). Many Environmental Impact Assessment methods and techniques are now available to 
guide resource allocation decisions, and these should be considered for inclusion in any formal 
methodology for environmental evaluation. But historically Environmental Impact Assessment 
has been reactive in nature and restricted in scope, and this has limited the effectiveness and 
acceptability of traditional Environmental Impact Assessment methods (Burton et al., 1983; 
S.A. Council for the Environment, 1989; Westman, 1985). Just as the horizons of conventional 
Cost-benefit Analysis have needed expanding to provide more relevant criteria and stimulate 
more innovative techniques for incorporating unpriced values in the decision making framework 
(Herfindahl and Kneese, 1974; Pearce, 1983), so the horizons of conventional Environmental 
\,.. 
/ 
222 
Impact Assessment have needed expanding to make it more positive and relevant to the entire 
resource management process. Specifically, there has been a need to integrate all aspects of 
development and conservation activities in a broader framework of environmental planning, 
assessment, decision making and management (see The Concept of Integrated Environmental 
Management in Chapter 4). ' 
The following section presents a brief review and critique of some of the more well-known 
methods and techniques of Environmental Impact Assessment. 
Early Approaches to Environmental Impact Assessment 
Many methods and techniques of Environmental Impact Assessment have been developed 
since the passage of the National Environmental Policy Act in the United States. Most of these 
fall into one of the following categories: checklists, matrices, overlays, networks, and special or 
ad hoc methods (Shopley and Fuggle, 1984; Munn, 1975). Each of these categories will be briefly 
discussed in order to convey some appreciation of the relative strengths and weaknesses of 
different approaches to Environmental Impact Assessment, and indicate the kinds of situations 
to which each is most appropriate. 1 
Checklists 
A checklist is simply a listing of items which is to be used to guide thinking or action in some 
undertaking. In Environmental Impact Assessment, there are two major types of checklist: 
• those which list possible or anticipated actions associated with a proposal, and 
• those which list environmental characteristics that could be affected by these actions (see 
Box A.1). 
Checklists are primarily intended to be aide-memoirs. They are of ten used in the early 
stages of an Environmental Impact Assessment to develop a better understanding of both the 
proposed· action and the affected environment, in order to ensure that all environmental 
considerations will be taken into account. A useful approach is to create tailor-made checklists 
for each new study during proposal discussions and site visits, and then use more general lists to 
double-check that nothing of possible significance has been left out. The checklist can then be 
used to guide the Environmental Impact Assessment investigation and report writing. For 
example, a checklist of environmental characteristics will be useful in suggesting which aspects 
of the environment should be thoroughly investigated and discussed; similarly, a list of proposed 
actions would be a useful reference when examining and reporting on how the various 
environmental characteristics could be impacted. 
The major advantage of the checklist is that it helps ensure that both the investigation and 
the report will be comprehensive. The major disadvantage of the checklist is that, unless it has 
been created for or adapted to the proposal being considered, it may confine thinking so that 
unusual characteristics (of either the proposal or the environment) may be missed. In addition, 
checklists alone are not particularly helpful in identifying cumulative or induced impacts. 
Finally, there is a tendency for many practitioners to become preoccupied with ensuring that all 
items appearing on the checklist are addressed, and to believe they have done an adequate job if 
they have reported on each characteristic and each action; the too-frequent result is overlong, 
tedious, unbalanced assessments, which often fail to analyze the more serious impacts in 
sufficient depth. 
I 
This brief survey is intended only to indicate some of the more common approaches that have been taken to 
dealing with the great complexity inherent in the task of environmental assessment. 
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BOXA.l 
Example of Checklists for Project Actions and Environmental Elements· 
(from Leopold J:..Lgj_., 1971) 
PROJECT ACTIONS 
A. Modification of Regime 
(a) Exotic flora or fauna introduction 
(b) Biological controls 
(c) Modification of habitat 
B. Land Transformation and Construction 
(a) Urbanization 
(b) Industrial sites and buildings 
( c) Airports 
C. Resource Extraction 
(a) Blasting and drilling 
(b) Surface excavation 
(c) Subsurface excavation and retorting 
ENVIRONMENTAL ELEMENTS 
1. Earth 
(a) Mineral resources 
(b) Construction materials 
(c) Soils 
2. Water 
(a) Surface 
(b) Ocean 
(c) Underground 
B. Biological Conditions 
1. Flora 
(a) Trees 
(b) Shrubs 
(c) Grass 
2.Fauna 
(a) Birds 
(b) Land animals including reptiles 
( c) Fish and shellfish 
Matrices 
Matrices are formed by arranging one checklist on a vertical axis, and either the same 
checklist or another checklist on a horizontal axis, so that every pair of elements are made to 
intersect at a unique point. This point can either be an intersection of two lines, or a cell created 
by the intersection of two sets of parallel lines (see Figure A.l). 
The principal object of a matrix is to ensure that all the potential effects of an action are 
identified. This is done by drawing attention to the possible interaction of every element on one 
list with every element on the other list. For example, if project actions are listed on one axis and 
environmental characteristics on the other axis, the matrix provides a means for ensuring that 
the potential impact of every action on every characteristic will be recognized so that it can then 
be assessed. 
The Leopold matrix (Leopold et al., 1971) was the first matrix m~thod to be used for 
Environmental Impact Assessment. This matrix provides a list of 88 project actions and 100 
environmental characteristics, which yields 8800 possible interactions. Instructions for using the 
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matrix arc that each interaction is lo he assessed and if an impact is judged lo he possible, then 
that impact is scored on a scale or 1 to 10 in terms of magnitude and then of significance (sec 
Figure A.1). 
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Matrix Format 
The Leopold matrix 1s somewhat unwieldy because of the great number of possible 
interactions, but the original matrix can be scaled down if_ necessary by ~liminating some of the 
elements on each axis. Another difficulty with the Leopold matrix is that there is no guidalfce or 
set of procedures for making magnitude and significance assessments, and the quality of 
judgments by the analyst or evaluator may rapidly decline due to the tediousness of the task. ln 
addition, one might question the authority and qualifications of the person who will be making 
th~sc crucial judgments, particularly the significance judgment. Finally, no provisic>n is made to 
obtain other potentially useful information about the impact, such as its nature, timing, duration, 
probability of occurrence, risk, and potential for giving rise to higher-order impacts. If one is 
going to consider these factors in another format, in which more descriptive information can be 
presented (Haug et al., 1984a, 1984b), then perhaps magnitude and significance should also be 
judged separately, and the matrix could simply he used to serve a checklist function: to identify 
whether an interaction will result in an impact or not. 
The Fuggle matrix was developed to extend the capabilities of the Leopold matrix by 
providing for more information to be gathered and displayed. The Leopold matrix jumps from 
the impact identification stage to the impact evaluation stage without any mechanism for 
systematically describing charnclcristics of an impact that would be important to the act of 
evaluation. The Fugglc matrix features a mechanism which draws attention to salient 
characteristics of the impact that should be considered before judging the impact's magnitude 
and significance. In this matrix, magnitude and significance have been collapsed into one 
assessment of "importance", which is assessed only after other characteristics of the potential 
impact have been assessed, viz., timing, duration, probability of occurrence, risk, potential for 
giving rise lo higher-order impacts, and whether negative or positive (see Figure A.2). The 
clements which comprise the matrix arc to be generated for each proposal to be assessed, in 
order to keep the number of possible interactions to be assessed to a minimum (see Figure A.3). 
Because of the amount of information to be displayed, Fuggle recommends preparation of a 
"Summary Matrix", after the original matrix has been completed, which indicates by symbols 
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those interactions that arc of special interest (sec Figure A.4); this enables one to readily see 
which project actions or environmental characteristics should receive special attention. 
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The Fuggle matrix ensures that more data are gathered on each impact so that the 
evaluation process is more systematic and thorough, and provides a convenient format for 
concisely displaying these data, but still requires an explanatory text to discuss the nature of each 
impact and the reasoning underlying the judgments. The lack of an explicit assessment of 
magnitude as opposed to significance may lead to more arbitrary judgments as to the social value 
of an impact, and, as in the Leopold matrix, it is questionable whether the researcher /assessor 
who is normally charged with this task is qualified to carry it out. Finally, the time required to 
complete the Fuggle matrix can be even greater than that required to complete the Leopold 
matrix, since there are a good many more judgments to be made, and the notation does not 
convey information as clearly as would a text in which the impacts are defined and discussed in 
words. 
Overlays 
Overlays were pioneered by Ian McHarg (Shapley and Fuggle, 1984). The method involves 
mapping individual environmental characteristics and then overlaying the various maps to get 
some indication of the relative suitability of particular areas for the project under consideration. 
For example, the major environmental characteristics relevant to a highway alignment might be 
slope, soils, ecological sensitivity, and aesthetic sensitivity. Each of these characteristics could 
be rated on individual maps covering the area through which the highway could be routed. The 
ratings could be "highly suitable", "suitable'', "unsuitable", and "highly unsuitable" and each of 
these ratings could be assigned a colour code, e.g., dark red for "highly unsuitable" and dark 
green for "highly suitable". By overlaying the maps, one can see at a glance the composite rating 
for all possible alignments, and the most promising alignments can be investigated further (see 
Figure A.5). 
Overlay techniques provide an effective means of communicating the nature and extent of 
certaip. variables, but they are suitable only for proposals which are primarily spatial in 
character, and for which relevant criteria can be easily mapped, such as highway projects. 
Criteria selection and decision rules are' important considerations in employing this method, and 
these should be carefully formulated in consultation with the client and other interested parties. 
Networks 
Network methods are directed at tracing out the pattern of "higher-order impacts" that 
may result from "first-order impacts", to give a better understanding of the total ramifications 
of a proposal. An example is the method developed by Sorensen (1971). This method 
graphically depicts a range of potential impacts on coastal zone resources which might be 
expected to result from certain developments and activities. Sorensen utilizes a stepped matrix 
attached to a network to display how particular resource uses give rise to causal factors that can 
result in adverse impacts (see Figure A.6). The diagramatic representation clearly 
communicates how causal factors lead to a set of initial conditions, and how this in turn leads to a 
. set of consequent conditions which ultimately results in adverse environmental effects. The 
framework also makes provision for depicting corrective actions or control mechanisms. 
The frameworks used in network methods normally make no provision for gathering and 
displaying the detailed data that would be needed for an environmental assessment or 
evaluation. But these methods provide an arresting visual presentation of complex cause-effect 
relationships, and can focus attention on higher-order impacts that might otherwise be 
overlooked. Networks can be useful planning tools, and can also serve a checklist function in the 
assessment of major actions. 
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Special Methods 
A number of Environmental Impact Assessment methods have been de~·eloped to 
accomplish more sophisticated evaluations. and some of these might be regarded as specialized 
decision making models. These methods are usually designed to evaluate a specific type of 
development, such as water storage projects, in a special type of environment. such as wetlands 
or areas suitable for water impoundments. Examples are Adaptive Environmental Assessment 
and Management, Environmental Evaluation System, Environmental Quality Assessment. 
Environmental Quality Evaluation Procedure, Habitat Evaluation Procedure. Surrogate Worth 
Trade-off Method. Water Resources Assessment Method. and Wetland Evaluation System 
(Bisset. 1987). Two of these methods are briefly described in what follows. 
Tlze Environmental Evalllation System 
The Environmental Evaluation System (Dee et al., 1973) was developed to evaluate major 
water storage projects. This method involves measuring forecast changes to specific 
environmental parameters, determining the significance of these changes, and evaluating the 
ultimate social value of the project. In developing the method, experts were asked to generate 
graphs for use in the field to measure the degree to which a project might cause key 
environmental parameters to change; the graphs purport to depict the relationship between 
these changes and changes in environmental quality. In addition, a group of respected persons 
were asked to apply the Delphi method (see Delphi and Nominal Group Technique in Chapter 3) 
to determine the relative importance of each of the selected parameters. 
This information is used by field researchers to evaluate specific projects: by multiplying the 
predicted change in the quality of each environmental parameter by the importance of that 
parameter. and then summing the products over all the parameters, the ultimate effect of a 
project on environmental quality can be determined and compared to that of another project. 
Figure A.7 presents an example of how a forecast change in an environmental parameter is 
expressed in terms of environmental quality units. For example, if it is predicted that a project 
will reduce dissolved oxygen concentration to 6 mg/I. then the graph indicates that this will result 
in a score (expressed in environmental quality units) of 0,7. Since the evaluation panel 
mentioned above had previously determined that the importance of this parameter is 31 
parameter importance units, it is possible to calculate the "value" of the impact: 21.7 
environmental impact units (Fuggle, 1983:498-499). 
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A major difficulty with the Environmental Evaluation System is that it is questionable 
whether the relative importance of a set of abstract parameters can be determined, or whether 
such measures have any real meaning or validity in a particular case. Firstly, it is extremely 
difficult to even conceptualise an environmental parameter or characteristic, much less value it, 
without reference to some specific set of circumstances with which it can be associated. 
Secondly, valuation of the change to a particular parameter can vary a great deal from case to 
case depending on a number of variables. Dalkey et al. (1972), for example, found in one 
experiment that respondents gave a high desirability rating to train travel as a general mode of 
transportation, but a low rating to train travel in particular situations. This indicates that 
valuation, to be meaningful, requires a specific situational context. 
The Sondheim Method 
Sondheim (1978) also developed a method of evaluating water development projects, 
although his method can easily be adapted to any environmental evaluation problem. The 
Sondheim Method uses two multidisciplinary panels to accomplish a systematic evaluation of a 
large number of alternatives. The panels are asked to evaluate the relative environmental value 
of "m" alternatives, with the environment defined as a function of "n" aspects. 
First a "rating panel", comprised of specialists from a number of disciplines, judges each 
alternative project in terms of each aspect, assigning scores using either an interval or ratio scale 
to produce "n" rating schemes. (The Delphi method or some other method can be used by each 
team to produce a rating scheme for each aspect; scales are later normalized.) Table A.1 
presents an example of how several alternatives might be judged in terms of different aspects. 
TABLEA.1 
Examples of Rating and Weighting from Sondheim 
Rating Panel Comprised of Experts 
Aspects Alternative proposals 
1 2 3 4 
\Ecological Diversity 
/Benefit/Cost Ratio 
75 
1:1 
15 
1:3 
90 
2:1 
5 
1:1 
Weighting Panel Comprised of Affected Parties 
Panel ASPECTS 
Member Ecology Economics History Aesthetics Physical 
1 16 5 10 20 1 
2 0,2 0,8 0,1 0,0 0,4 
Next a "weighting panel", comprised of affected or interested parties, evaluates each aspect 
on an interval or ratio scale to produce "n" weighting schemes. (Again, panelists are free to use 
any weighting scheme.) Table A.1 also presents an example of how several aspects might be 
judged by different panelists. 
Then a project coordinator normalizes the rating scheme scores, multiplies these by the 
scores of each weighting scheme, and standardizes the results (so that the weightings of each 
member are equal). The alternatives can then be ranked according to their overall performance 
in respect of the various aspects. 
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The Sondheim Method shares a general weakness of the Environmental Evaluation System: 
abstract aspects (pertaining to, for example, ecology, economics, or aesthetics) are weighted 
relative to other abstract aspects, which is difficult and of questionable relevance for the reasons 
given above. What would be preferable is a direct weighting of the relative importance of 
changes to aspects, and a way of summing the values of these changes to obtain a net value for 
each alternative. 
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APPENDIXB 
THE REQUIREMENTS OF AN ENVIRONMENTAL EVALUATION 
METHODOLOGY 
The central object of a general environmental evaluation methodology (or any specific 
method of environmental evaluation) is to provide a systematic, reliable and satisfying means for 
determining which of two or more alternative resource allocation proposals would best satisfy 
specified evaluation criteria. The formulation and adoption of a comprehensive evaluation 
methodology would serve to ensure a professional analysis of society's diverse and conflicting 
needs, improve the quality of proposed actions, reduce the arbitrary nature of resource 
allocation decisions, and replace casual, purely intuitive evaluations of the potential effects of 
proposed actions on social well-being with more carefully reasoned and explicit evaluations. 
Environmental evaluations have been traditionally accomplished with the aid of 
Environmental Impact Assessment methods and techniques. Several sets of criteria have been 
suggested for evaluating the potential of Environmental Impact Assessment methods, and it is 
generally agreed that none have met all the criteria that have been specified (Bisset, 1980, 1987; 
Clark et al., 1978; Haug et al., 1984a; Hallick, 1981a, 1986; Lee, 1982; Warner and Preston, 
1974 ). An environmental evaluation methodology should obviously satisfy all assessment 
criteria, but special attention must be given to the two principal evaluation problems: (1) judging 
the significance of impacts, and (2) making trade-offs between competing objectives. This 
appendix presents a discussion of these and other requirements that might be stipulated for any 
environmental evaluation methodology. 
An environmental evaluation methodology should provide practical analrtical procedures 
for identifying all the issues of possible importance, forecasting possible outcomes, clearly 
describing and evaluating these outcomes, and evaluating their significance to specific groups 
and to society as a whole. Procedures should also be devised to evaluate the relative worth .of 
competing objectives, or' combinations of objectives, for any resource allocation activity, and 
these procedures should be capable o.f providing meaningful results in situations where data are 
limited (Blackie, 1980:5-6; 1981). 
Although many people believe that it is not possible to obtain sufficiently reliable measures 
of the social significance of environmental impacts to unambiguously determine whether 
benefits outweigh costs, or to unambiguously rank alternative prop.osals according to their 
overall social value, environmental evaluations by their very nature require that some attempt be 
made to do this. Every effort should therefore be made to develop improved procedures for 
measuring subjective value judgments, and thus to provide more reliable guidance for making 
resource allocation decisions. There is a need to reshape analytical and institutional devices to 
address more directly the kinds of value uncertainties and conflicts that face modern society, 
such as the comparing of "hard" values (e.g., improvements in the standard of living) with "soft" 
values (e.g., ecological stability, love of natural beauty) (Tribe et al., 1976:x-xii). The challenge 
is to bring all values into a common intellectual framework for analysis (Brooks, 1976:116). 
A general environmental evaluation methodology for improving resource allocation 
decisions should be comprehensive in scope, systematic in its approach, and open to public 
scrutiny and debate. If there is likely to be considerable uncertainty or controversy as to the 
merits of a proposal, then the methodology should provide an acceptable procedure for making 
subjective value judgments explicit. It should also be capable of being applied to any resource 
allocation problem under any set of monetary, manpower or time constraints, and have the 
flexibility to incorporate within its general framework a full range of valuation techniques in 
order to make it cost-effective in any particular application. 
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The methodology should be adaptive and capable of adjusting to unfolding developments 
(such as the discovery of new information, revised objectives or a change in priorities); it should 
also be capable of evaluating national, long-term and general resource allocation projects, 
programmes and policies, as well as local, short-term and specific proposals (Clark et al., 
1978:120). Of special concern is the ability to evaluate long-term, cumulative and synergistic 
effects of proposed actions. This is of growing importance, given society's new environmental 
predicament, in which regional and even global ecosystems are being disrupted, and the rate, 
scale and complexity of impacts to both biophysical and socioeconomic systems are rapidly 
increasing (Allen, 1980; Clark, 1989; International Union for the Conservation of Nature, 1980; 
Global 2000 Report, 1980). 
A general methodology should be concerned with guiding the decision maker in evaluating 
complex, hard-to-manage problems by dividing them into smaller, more manageable problems, 
and then synthesizing the separate analyses in an acceptable way (Easton, 1973:x). The 
methodology should be capable of taking into account the attitudes of decision makers toward 
risk and uncertainty, yet it should not make great demands on the decision maker's time, or 
require frequent access and substantial interaction with the decision maker, since most decision 
makers are busy people with little interest in being intimately involved in every step of the 
evaluation process. 
Special provision should be made for involving other people, to include: 
• experts from different disciplines; 
• authorities with responsibilities for or special knowledge relevant to the particular 
proposal; 
• special-interest groups; and 
• all potentially affected or concerned parties. 
Emphasis should be placed oil finding compromise solutions to resource allocation 
conflicts, and achieving consensus on major issues. But even if the controversy cannot be 
resolved, the active participation of all these groups is important because it will ensure that all 
potential impacts are identified and clearly understood, so that investigations will be cost-
eff ective and the analysis will be relevant. A concerted effort to obtain many points of view and 
seek out expert opinion will also reassure and satisfy the various publics that all issues of 
possible concern will be thoroughly investigated and adequately evaluated. 
Perhaps the most important consideration is that the methodology should be seen to be 
relevant and useful in providing guidance for improving resource allocation decisions; therefore, 
the assumptions on which it is based, and the results it produces, must meet the test of 
reasonableness (Foster, 1978:86), and all aspects of the methodology must be conceptually 
acceptable to decision makers and their constituencies. 
An environmental evaluation methodology for addressing resource allocation problems 
must incorporate both planning and assessment functions: viable alternatives must first be 
identified by some rational and cost-effective process, and then the implications of these 
alternatives (in terms of their impacts on biophysical and socioeconomic systems) must be 
adequately assessed to provide information for determining which alternative is in the best 
overall interests of society. This assessment must not be too late in the development process to 
influence plans and development decisions, and ideally there should be a positive, interactive and 
iterative link between the assessment and planning stages of any development so that plans can 
be improved or refined by constructive input from formal assessment (see The Concept of 
Integrated Environmental Management in Chapter 4). 
A particularly daunting task that would improve the usefulness of environmental 
evaluations is to develop acceptable weighting and trade-off procedures to estimate more 
accurately the relative importance of different outcomes, criteria and alternatives. While a 
236 
general methodology of resource allocation should be primarily directed at guiding the planning 
and decision making process, rather than searching for an elusive "optimal solution" (Bisset, 
1980; Lee, 1982; Hollick, 1981b, 1986), it should also - to the extent possible - make use of 
quantitative techniques to more accurately and reliably judge the relative value of outcomes, 
make trade-offs between objectives clear and explicit, provide systematic and rigorous 
comparisons of competing alternatives, and avoid arbitrary, unsubstantiated conclusions 
(McAllister, 1980:184). Nevertheless, since the principal object of any evaluation is to make 
qualitative judgments and to form an holistic impression of trade-offs and the relative worth of 
competing plans, there should be no reliance on a "grand index" or final number which is 
intended in itself to indicate the optimal action (McAllister, 1980:265). 
Complex methods which rely on abstruse evaluation techniques and the calculation of a 
single numerical result are not likely to be politically acceptable; most decision makers are 
dubious about and not satisfied with a "bottom-line number", but want a "picture" of the major 
alternatives, and this requires a method which provides descriptive, qualitative and 
disaggregated information (Bisset, 1980:27). Purely quantitative methods are playing a 
decreasing role in Environmental Impact Assessment because the practice of aggregating scores 
masks much of the analysis and leaves little to the judgment of decision makers (McAllister, 
1980:37-38, 41). Also, such methods tend to present decision makers with a f ait accompli, and 
it is possible the data have been manipulated to reach a preconceived conclusion (Clark et al., 
1978:120). All quantitative assessments must therefore be clearly explained, so there is no 
question how the numbers were arrived at and what they mean, and numerical evaluations shoul~ 
not dominate the analysis, but play a supporting role. Ribe (1982:69) has pointed out the 
usefulness of numbers as a powerful means of rigorously describing, testing and analyzing 
relationships in ways not possible through the use of only qualitative concepts and descriptions; 
yet, a quality labelled with a number is no less a quality, and those qualities should be the 
essential content of any assessment or evaluation method. 
The methodology should be simple; straightforward, and appealing, and be seen to assist 
rather than force the practitioner to follow a logical approach to evaluation. Many formal 
methodologies are characterized by excessive, inbuilt rigidities which render them less 
acceptable to decision makers because the emphasis on procedural compliance is regarded as 
laborious, obfuscating, and wasteful. There is no need to adhere to a complex, circuitous, 
tortuous algorithm when the human brain is capable of making great leaps and focusing on what 
is truly relevant (Massaro, 1980:29). Thus, while the methodology should be based on sound 
principles of rational analysis and follow a logical set of procedures, it should also consciously 
make provision for accommodating intuition and special insight. In the final analysis, superior 
decisions will result from the exercise of sound personal judgment more than from following a 
rigid set of standardized procedures (McAllister, 1980:x), and analytical procedures should be 
viewed as a guide to clear thinking, not as a substitute. 
The principal characteristics of a desirable research methodology for environmental 
evaluation may be summed up as follows: 
The ideal methodology would 
• provide a systematic approach to planning, assessment and decision making 
• be comprehensive so that all potentially relevant aspects will be considered 
• be applicable to all conceivable types of resource allocation problems, and practical to 
implement in a wide variety of situations 
• direct attention to the real issues 
• simplify without distorting the decision making problem 
• make use of intuitive reasoning but be.primarily guided by principles of rational thinking 
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• include methods developed in accordance with principles of economic rationality, but be 
based on principles of political rationality and capable of adapting resource allocation 
. strategies to changing circumstances 
• be capable of using a wide range of investigative and evaluative techniques and using input 
from a variety of sources (e.g., consumers, experts, decision makers) 
• consider the needs of all potentially affected or concerned groups 
• provide opportunities for individuals to make their concerns known and contribute other 
useful information 
• generate and identify the most promising alternatives 
• apply acceptable techniques for forecasting, assessing and evaluating the possible outcomes 
of the most promising alternatives 
• be principally concerned with finding compromise solutions or alternatives that will satisfy 
all contending parties and so achieve a broad and democratic consensus on the action to be 
taken 
• provide, when a compromise solution is not possible, a set of procedures for resolving 
conflicts that are acceptable to all contending parties 
• be capable of factoring in attitudes toward risk and uncertainty 
• require, when proposals are especially controversial, that subjective value judgments are 
made explicit, and ensure that the reasoning underpinning these judgments is clearly 
explained 
• make use of acceptable weighting and scaling techniques to evaluate the relative importance 
'of outcomes and alternatives 
• be capable of handling multiple objectives and making trade-offs when there are mutually-
exclusive alternatives and no alternative is superior in terms of all the evaluation criteria 
• ensure that the entire evaluation and decision making process is rational, clear and open to 
public scrutiny. 
The principal advantage of adopting a formal methodology for evaluating environmental 
resource allocation options may lie more in the types of questions that its utilisation generates 
than the kinds of answers it provides (Green and Tull, 1978:56). Even though application of the 
methodology may not provide infallible results, or ensure the identification of the best option, it 
forces one to think along the right lines (Gregory, 1979:22). Of special importance is the value of 
forcing planners, analysts and decision makers to examine assumptions and make subjective 
value judgments explicit: subjective data can be far more relevant to the decision than objective 
data (U.S. Army Engineers, 1975:53), and an evaluation methodology should ensure that 
underlying beliefs, attitudes, opinions and values are carefully examined and used explicitly to 
make and justify choices. 
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APPENDIXC 
THE CHALLENGE OF DEVELOPING A FORMAL METHOD OF EVALUATION 
FOR CONTROVERSIAL RESOURCE ALLOCATION PROPOSALS 
The Need for a Formal Evaluation Method 
A major problem in resolving value conflicts is the breakdown of discourse. Adopting clear 
and acceptable evaluation procedures and decision rules for selecting the preferred alternative 
would establish trust, open up communication and serve to substantially reduce the conflict 
between competing interest groups, who are always suspicious that parties with the power and 
knowledge to do so will use subversive methods to influence the decision. A major reason for the 
extreme controversy which often develops around environmental issues, and the emotionally-
charged arguments by extremist groups on both sides, is the absence of a trusted, rational 
approach to investigating the relative merits of different proposals, and in particular the absence 
of a formal evaluation method to which all parties can subscribe. 
Conservationists, for example, have tended to adopt uncompromising stands or absolutist 
positions largely to avoid the "thin-edge-of-the-wedge" effect, because nonquantifiable values 
are easier to defend in absolute terms than in a utilitarian framework (Kneese and Schulze, 
1985). But this "passionate advocacy" approach leads to radical, indefensible positions which 
eventually renders the absolutist strategy ineffective, or even counter-productive, and is in any 
case extremely costly for all concerned (Gardiner and Edwards, 1975). By the same token, many 
developers and public authorities feel they must rely on subterfuge or political influence to 
counteract the "conservationist" strategy. But this generates cynicism amongst the general public 
and fosters a truculent, uncompromising attitude which of ten leads to litigation or the loss of 
constituencies. 
In the case of controversial resource allocation proposals, a widely-accepted method for 
evaluating qualitative data and making trade-offs between competing resource allocation 
objectives would reduce the incentive to take extreme positions and the tendency to rely on 
emotive arguments or devious tactics. This would in turn make possible improved 
communication, and stimulate a meaningful exchange between different groups in order to 
explore the issues in a more rational manner. Both sides would then be encouraged to develop 
specific and truly convincing arguments as to how, and how much, a proposed development 
would hurt or benefit society in both the short- and long-term. The final result would be a more 
effective evaluation, and better decisions. 
Adoption of a clearly-defined and acceptable process for resolving conflicts pertaining to 
the management and disposition of environmental resources would also lend greater public 
· confidence in the wisdom and justice of the political and administrative functions of government. 
There is now in South Africa a pervasive perception that important resource allocation decisions 
are often made for political or personal advantage, that the decision making process is too 
unsystematic and hidden from public scrutiny, and that decisions are based on ad hoc and secret 
appraisals which utilise unreliable methods that often produce spurious results (Louw and 
Kendall, 1986). Public confidence is thus undermined, and citizens feel impotent and abused. 
A completely open approach to environmental evaluation, which involves a set of 
procedures seen to be impartial, comprehensive, systematic, clear and rational, would 
demonstrate the competence and good faith of decision makers. If the evaluation method is 
structured and formalized, and uses understandable and reliable techniques for identifying and 
measuring all impacts, and satisfactorily treating value judgments which are generally regarded 
as being nonquantifiable, there will be greater public acceptance of the resulting decisions. 
Utilization of the method will make it easier for the decision maker to explain and justify his 
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decision, will remove political "heat" from the decision maker, and will lead to a better 
understanding of and appreciation for the political decision making process. 
Before the challenge of developing a formal evaluation procedure can be addressed, it is 
necessary to consider in more detail the nature of the resource allocation decision, and especially 
the relationship between evaluation and decision making. This is-the subject of the next section. 
The Importance of Clearly Defining Goals, Criteria and Decision Rules 
The first step toward developing a formal method of evaluation is to obtain absolute clarity 
as to exactly what is required, and why. Resource decision making (like all other kinds of 
decision making) involves three major processes (whether performed consciously or 
unconsciously) which are closely interrelated: 
• defining goals, objectives and constraints 
• gathering information 
• evaluating that information and applying a set of decision rules. 
The major challenge in resource allocation is to adopt a rational approach for gathering and 
evaluating information, and to apply a logical set of decision rules to judgments made during the 
evaluation process, that will be acceptable to all concerned parties. This is particularly 
important in the case of controversial resource allocation proposals. There are three 
considerations which are relevant to this challenge: 
• First, the decision maker needs to be clear as to what his goals, objectives and priorities are, 
the constraints under which he is operating, and the administrative procedures and 
mechanisms that have been established for processing information. 
• Then, for each case, the decision maker requires a reasonable amount of information about 
the possible alternative uses of the resources in question, and the effects that each of these 
uses would have on the populations of interest. 
• Finally, the decision maker must adopt an acceptable procedure for evaluating this 
information in the light of his goals, objectives, priorities and constraints, and apply some 
reasonable set of decision rules in the course of the evaluation process in order to arrive at a 
decision. 
This is a complex and iterative process. For example, it is obviously desirable to reduce 
uncertainty, but the question is 'by how much? Decisions are often changed in the light of new 
information, and one type of decision that may be changed several times is that concerning how 
much information should be obtained, and at what cost. This decision depends, among other 
things, on an evaluation (whether implicit or explicit) of the importance of the information to the 
ultimate decision and, of course, some evaluation of the importance of the ultimate decision 
itself (Coyle, 1972). 
Just as complex, and perhaps even more important, is the problem of estimating the value, 
utility or significance of forecast outcomes, examining preferences and applying multiple criteria 
(Bell et al., 1977; Easton, 1973; Fardel and Gal, 1980; Keeney and Raiffa, 1976; U.S. Water 
Resources Council, 1980). Every decision involves subjective value judgments about the 
meaning of forecast outcomes, and almost every decision involves making compromises between 
competing objectives, or between objectives which cannot be maximized simultaneously. 
As stated earlier, the appropriate approach to decision making in specific cases will largely 
depend on whether the proposal is expected to be controversial or noncontroversial. For 
noncontroversial proposals the problem is essentially one of how to conduct an effective 
bargaining process and discover compromise solutions that will resolve conflicts. In such cases, 
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there is no need to make provision for formal evaluation procedures; what is needed instead are 
effective negotiating procedures. 
For controversial proposals, however, negotiations are likely to be unproductive, and 
informal evaluations will not generally suffice because some of the contending parties will 
mistrust what they see as relatively casual, narrow or biased evaluations performed by planners, 
analysts and decision makers. For these proposals, therefore, there is a need to ensure that all 
realistic options are considered, employing a logical process, in which forecasts and value 
judgments are explicitly stated so that the reasoning which leads to specific choices can be 
followed. The principal object of adopting such an approach is to ensure that the right questions 
are being asked and considered in the right way, even if there may be great disagreement over 
the possible answers. 
Resource allocation problems in general, and controversial resource allocation problems in 
particular, are complex problems to formulate and analyze. Even after they have been 
formulated and analyzed, they still present difficult problems of choice for the decision maker. 
Some of the questions to be addressed are: 
• What are the various outputs that are obtainable from a given set of resources? 
• How can each of the possible outputs be obtained with the minimum expenditure of 
resources? 
• What is the relative value of these outputs to society, and how can this be measured? 
• Who will receive the benefits associated with the outputs, and who will bear the costs? 
• When will the benefits be received, and when will the costs be borne? 
In order to answer these questions, it is necessary to address a host of more specific 
questions pertaining to technological, social; economic, and environmental considerations. Very 
often it is only these more specific questions that get asked at all, and then sometimes only the 
technological and economic questions. 
But before any of the above questions are addressed, it is necessary to first ask a very simple 
but fundamental question: What is the goal of resource allocation? It is surprising how seldom 
this question is asked or clearly answered. Many analysts and decision makers apparently feel 
that the answer is all too obvious - they may believe they have an adequate understanding and 
appreciation of what the answer is, an intuitive sense of what they are trying to accomplish, and 
so it appears unnecessary to formally express the goal. Others apparently feel that the goal is too 
complex to define, or that any goal statement would only generate controversy and make their 
job more difficult. 
Yet formally stating a goal is a crucial task, because it forces one to make one's assumptions 
clear and reveal the premises that underlie the approach to planning, analysis and decision 
making that is to be adopted. Often the exercise will lead the planner, analyst or decision maker 
to question his assumptions and premises, or expand his thinking to embrace new objectives, with 
the result that a whole new approach to the problem is adopted. A formal goal statement will 
also communicate to interested publics the basis for the decision, and obviate misunderstandings 
which are often at the root of the public controversy over resource allocation decisions. 
Once the goal of resource allocation is formally stated, specific objectives can be adopted 
and criteria can be selected by which progress toward the goal can be measured (see Defining 
Evaluation Criteria in Chapter 4 ). Evaluation procedures can then be devised for measuring 
progress, making trade-offs, and otherwise applying the criteria. 
Considerations in Developing Formal Evaluation Procedures 
Formal evaluation procedures must be acceptable to all concerned if they are to be truly 
useful. Whenever there are scientific uncertainties, conflicting expert opinion, differences in 
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attitudes toward risk and uncertainty, differences in beliefs and values, a feeling that important 
costs and benefits are incommensurable, and a perception that the subjective value judgments or 
hidden agendas of a few people might be arbitrarily imposed on others, it is particularly 
important that the procedures for comparing and evaluating alternatives be seen as fair and open 
to all interested parties. 
But in order to be acceptable, it is not necessary to demonstrate that evaluation procedures 
are totally infallible, or capable of producing absolutely precise or perfectly replicable results. 
Even if measurements of value cannot yet be made with absolute accuracy, and are not perfectly 
reliable, value information is still of central and paramount importance to any rational 
assessment of resource allocation alternatives. An examination of values, feelings, and beliefs is 
essential if one is to proceed with what information is available and make decisions on the 
allocation of resources (Matthews, 1975). Objective determinants and indicators of well-being 
appear to have limited efficacy in providing relevant information for resource allocation 
decisions, and the challenge is to find a reasonably trustworthy method for treating qualitative 
data and revealing subjective judgments in a way that is as objective as possible (Campbell, 1976; 
Deane and Mumpower, 1977; Finsterbusch, 1977a, 1977b; Hallick, 1981a). 
In fact, reliance on objective data to guide resource allocation is no assurance of objectivity. 
Miller (1985) has pointed out that the prevalence of psychological biases in environmental 
problem-solving and decision making suggests that the notion of objective judgment is an 
illusion. Biases operating at a covert level often lead to conflict over the interpretation of data 
or the formulation of the problem at hand. 
There is simply no escaping the necessity of allowing subjective data to play the central role 
in evaluations of resource allocation proposals: even objective determinations have to be made 
within the context of subjectively-chosen parameters (Matthews, 1975:124). Yet there is still a 
great reluctance on the part of many analysts and decision makers to recognize and accept the 
crucial importance of relying on subjective data. This reluctance is no doubt due to the inherent 
difficulty in dealing with subjective data, and to the fact that it is not possible to use subjective 
data to reach conclusions which will be safe from reproach. In spite of such reservations, 
intelligent decisions directed at improving social well-being cannot ignore or de-e~phasize these 
data; as Price (1977:96) has said, fastidious abstention from subjectivity is an unacceptable form 
of self-ind,ulgence. 
The important thing is to ensure that subjective data are always treated in a systematic 
manner, and that all judgments based on such data are made completely explicit (Westman, 
1985). The object of the evaluation, after all, is not to generate irrefutable facts to prove some 
hypothesis, but to provide convincing evidence for deciding which resource use seems to have the 
superior claim. Policy requires the making of decisions and not the calculation of values as such; 
if we cannot identify the optimal decision, we can at least search for improved decisions (Sinden 
and Worrell, 1979). Subjective judgments are adequate to the extent that they can be shared and 
are convincing; and these conditions tend to be met only to the extent that estimation procedures 
tend to be explicit and logical and plausible, if not objective (Mitchell et al.", 1975:43). 
The Problem of Valuation 
The most crucial and difficult task in a formal evaluation, and the first one that must be 
addressed, is how can one determine the relative significance of a list of outcomes so that one 
can apply evaluation criteria in a more meaningful way? The central difficulty with evaluating 
the social consequences of actions is that individuals can be expected to place different 
valuations on the same outcome, and there is no "true" or "correct" valuation. Evaluation is, by 
its very nature, subjective, and no universally acceptable set of decision rules exists for 
reconciling differences of opinion that arise when judging the relative value of different 
outcomes. 
Even market valuations, which consist of monetary measures of the relative value of unlike 
goods, only apply to those goods in which private property rights can be specified and 
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satisfactory exchange mechanisms exist; furthermore, market prices do not accurately indicate 
the true social value of such goods because there ~re many impe~fections in the. market which 
render these valuations suspect (Common, 1988, Dohan, 1977, Pearce, 1983, Rees, 1985). 
Monetary measures of value should not, therefore, be regarded as sacrosanct, and other methods 
of measuring value may be adopted so long as their shortcomings are also recognized and 
accepted (see Chapter 3). 
Environmental evaluation is still more of an art than a science, and measurements of the 
value or significance of environmental impacts tend to be, when compared with other scientific 
measurements, rather crude and unmethodical. Of particular concern is the fact that the 
evaluation process in most Environmental Impact Assessments is not clearly explained: 
outcomes are said to be "significant" (i.e., have special meaning or value), but there is generally 
no attempt to accurately convey a measure of that significance. In fact, many impact reports 
make frequent use of the term "significant" without communicating what is meant by this term, 
and without providing any explanation of how significance determinations - the "weighing" of 
information in environmental evaluation (McAllister, 1980:3) - have been made, in spite of the 
obvious and central importance of the concept in environmental assessment (Duinker and 
Beanlands, 1986:1). This is important because the arguments at the heart of most controversial 
resource allocation proposals revolve around claims about the relative significance of impacts. 
In order to conduct a formal evaluation of controversial resource allocation proposals, it is 
necessary to adopt some mechanism for measuring the relative significance of impacts. Very 
often the only attempt to do this is to give some indication of the magnitude of the impact. 
Measures of magnitude do often improve significance judgments, but can be misleading and are 
only part of the information that is necessary to make the significance determination. In fact, a 
simple qualitative description of an impact can sometimes provide sufficient information to 
make a subjective determination of the relative importance or social significance of that impact 
compared to other impacts. 
A major reason for the failure of so many Environmental Impact Assessments to use formal 
methods of evaluation, and for the dissatisfaction with those methods that are being used, is the 
difficulty in addressing the problems of defining and measuring significance. While some 
practitioners have attempted to deal with these problems (Cheney and Schleicher, 1982; Conover 
et al., 1985; Haug, 1984b; Khorramshahgol and Moustakis, 1988; Lee, 1982; Prasartseree, 1982), 
there is as yet no indication that the problems have been satisfactorily resolved. What is needed 
is a clear understanding of what constitutes significance, and some way of relating the 
significance of one impact to that of another. 
The Problem of Defining Significance 
To say that an impact will be significant is to suggest that it will be a matter of great concern 
to some members of society. But this is bound to be a subjective judgment: there are no 
objective, verifiable thresholds beyond which an action becomes socially significant. Judgments 
as to what constitutes a significant impact require considerations of both context and intensity 
(U.S. Council on Environmental Quality, 1978:31). 
Context has both a spatial dimension and a time dimension. An action may not be 
significant on a national level, but may be regarded as quite significant on a regional or local 
level. Similarly, an action may not seem particularly significant in the short term, but the long-
term implications may be regarded as significant. For example, the loss of a local resource may 
not significantly affect the present national interest or level of welfare, but local residents or 
future generations may be profoundly affected by this loss. 
Intensity refers to the severity of the impact resulting from an action, as judged either by 
some knowledgeable authority or by the people affected by the impact. If reputable persons with 
special knowledge or experience believe the impact will be significant, then it should be so 
regarded. Similarly, if those who will bear the impact genuinely believe that it will significantly 
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affect their well-being, or if the action is highly controversial, then the action should be regarded 
as a significant one. Considerations of intensity would include, among other things: 
• the degree to which the proposed action affects public health or safety; 
• the degree to which the possible effects on the human environment are highly uncertain or 
involve unique or unknown risks; 
• . the degree to which the action or impact is irreversible; 
• the degree to which the action affects the availability or functioning of life support systems, 
natural amenities, cultural resources and other environmental goods, services and 
conditions which are considered to be of a special or unique character, in limited supply, 
.and/or essentially irreplaceable; 
• the degree to which the action violates the spirit or the letter of any law or statute; 
• the degree to which the action may establish a precedent for future actions with significant 
effects, or represents a decision in principle about an issue with significant implications; and 
• the degree to which the action is related to other actions or proposed actions which 
individually may have insignificant impacts but which cumulatively could result in 
significant impacts. 
The Problem of Measuring Significance 
The principal difficulty in evaluating controversial proposals is to find an acceptable means 
of measuring the value or significance of impacts - particularly those which are not normally 
thought of in monetary terms. The resolution of conflict amongst compet~ng demands for 
resource usage depends on the provision of strong evidence to back up claims about the value or 
"utility" to be derived from each resource use. 
Ideally, the utility of each potential output would be measured in an objective manner. 
Objective judgments are those which involve or use facts that are observable or verifiable, 
whereas subjective judgments are those which are made on the basis of values, feelings, and 
beliefs (Matthews, 1975:121). The scientist's principle criteria of objectivity are validity and 
reliability: to be objective, a measurement must be demonstrably accurate or true, and capable of 
being replicated. But the utility of a thing, being subjective in nature, cannot be directly 
observed so that its magnitude can be verified; it would appear, therefore, that the concept of 
utility would defy accurate and reliable measurement. 
In fact, the classical theory of demand in the science of economics was modified because it 
was determined that utility is essentially a psychological concept which is incapable of direct 
measurement in absolute units. Demand theory was therefore recast in terms of ordinal utility; 
then it was possible to measure utility in a less rigorous manner (on an ordinal scale) using 
indifference analysis, which only requires the consumer to rank quantities of goods on the basis 
of preference or indifference (Bannock et al., 1978:449-450). This is held to have put demand 
theory on a much sounder footing, and despite developments in decision theory almost all 
economists and other scientists would probably still agree that there is no way to obtain accurate 
and reliable measures of utility (or value) on an interval or cardinal scale (Alchian, 1953). 
Not all scientists have given up though. Von Neumann and Morgenstern (1964:17), in 
developing their theory of games, point out that a breakthrough may still be possible. 
The historical development of the theory of heat indicates that one must be 
extremely careful in making negative assertions about any concept with the claim 
to finality. Even if utilities look very unnumerical today, the history of the 
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experience of heat may repeat itself ..... it should certainly not discourage 
theoretical explanations of the formal possibilities of a numerical utility. 
The Problem of Scaling Subjective Value Judgments 
As has been indicated in Appendix A (which discusses the historical development of 
environmental evaluation), the U.S. National Environmental Policy Act of 1969 recognized the 
fundamental importance of developing some suitable means of evaluating the significance of 
actions and potential impacts; in fact the requirement to prepare an Environmental Impact 
Statement was to be based on a judgment as to whether an action could significantly affect the 
quality of the human environment (United States, 1969:Sec102[C]). But the National 
Environmental Policy Act does not give any guidance as to how to judge the significance of an 
action or an impact, and simply calls for the development of new methods and techniques for 
evaluating significance. 
In determining what actions should be subjected to the provisions of the Environmental 
Impact Statement process, and in deciding whether and under what conditions certain actions 
should be allowed, it is necessary for some person or group of persons to make a value judgment 
concerning the action or impacts. This vitally important process has usually been conducted in 
an unsystematic manner, without any requirement for making subjective value judgments 
explicit. Even when such measurements are systematic and explicit, the approach taken is often 
not sound. For .example, in many cases the evaluation is undertaken by persons whose value 
systems may not be acceptable (because they are not representative of or respected by the 
concerned parties). This is a major weakness with matrix and overlay methods, in which analysts 
or planners are asked to determine the significance or value of data (see Appendix A). Several 
decision making methods, such as Decision Analysis and Linear Programming, also share this 
shortcoming (Bowes and Krutilla, 1985; Coyle, 1972; Edwards, 1967; Raiffa, 1968; Simon, 1978). 
In other cases, the measureme.nt procedure is flawed because. what is being measured is an 
abstract entity rather than a change in utility. In conducting an evaluation, it is important that 
significance judgments are not made in a vacuum; there appears to be no way to measure the 
significance of a thing without comparing it to the significance of another thing in a specific 
context. In addition, the more abstract the things being evaluated, the more difficult it is to 
conceptualize their relative values. This was a major failing of the Environmental Evaluation 
System (see Appendix A). In this method of evaluating proposed water resource development 
projects, one of the principal tasks was to ask a group of individuals to judge the relative 
significance of such abstract parameters as water quality and species diversity. This is difficult 
to do outside the context of a specific set of circumstances, and in fact what is of importance in 
environmental evaluation is neither the absolute nor the relative value of abstract entities, but 
rather the amount of change to particular elements in a given situation. For example, in one 
situation a small change in water quality could be of much greater significance than a large 
change in species diversity, whereas in another situation the opposite could be the case. The 
relative significance of water quality and species diversity cannot be predetermined out of 
context, and cannot be calculated with any fixed formula relating either abstract qualities or 
measures of magnitude to importance. 
Another common example of a flawed measurement procedure is the case in which the 
judgments of several people are aggregated even though the data do not meet the requirements 
for this mathematical operation (see Primary Types of Measurement Scales in Chapter 3). In 
fact, the central problem in evaluating the significance of unpriced impacts is that there is no 
objective scale of measurement, and therefore the judgments of two or more people are not 
commensurate. There are two possible solutions to this problem: 
• either all concerned parties must agree that one person's judgments are superiour to those 
of all other persons, or 
-~ 
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• some means must be found to obtain and aggregate the honest arid impartial judgments of a 
number of persons whose combined judgment will be respected by all concerned parties. 
If th.e first solution is acceptable to the major parties in a resource allocation dispute, the 
person whose judgments are esteemed can simply be asked to conduct the evaluation and resolve 
the issue. In this case, commensurability is not a problem. But if this approach is not acceptable 
to one or more of the major concerned parties, and the second solution must be adopted, then it 
is necessary to find an acceptable way to aggregate the subjective value judgments of several 
individuals. 
There are two difficulties in aggregating the subjective weightings of two or more people 
(Linstone and Turoff, 1975:580): 
• there is no true zero point to which measurements by different individuals can be related 
("the problem of subjective origins"); and 
• there is no common unit of measurement utilized by different individuals ("the problem of 
subjective scale units"). 
If neither the zero point nor the unit of a utility scale can be objectively determined, value 
judgments by different people cannot be compared. Therefore, in order to combine the 
evaluations of several people, a technique is needed that will allow individual evaluations of 
significance to be adjusted to a standard origin and converted to uniform scale units. If it is 
possible to satisfactorily approximate a zero point, and to bring different units of measurement 
into a common relation, subjective weightings by different individuals can be aggregated and 
otherwise manipulated mathematically. A technique has been developed and tested in the 
course of this research which, it is claimed, produces results that meet a reasonable standard of 
replicability and provides a credible approach for evaluating controversial resource allocation 
proposals (see Impact Evaluation in Chapter 5). 
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APPENDIXD 
FORMAL EVALUATIONS BASED ON THE DECISION MAKER'S JUDGMENTS 
Several formal methods have been developed to aid decision making, and this appendix is 
intended to give some indication of the general approach that has been used to assist the decision 
maker in undertaking a rational evaluation. These methods are directed at guiding the decision 
maker through a series of steps (usually with the aid of an analyst, and often involving computer-
assisted mathematical operations and modeling) which will ultimately reveal the best course of 
action. The procedures used are intended to elicit explicit judgments both as to the 
consequences of alternative proposals and the relative importance of those consequences. The 
focus is on Decision Analysis, which is the archetype of this class of methods. 
Decision Analysis 
Of ten times the decision maker will prefer to conduct his own evaluation of the alternatives, 
rather than to have other parties accomplish an independent evaluation. This may not be 
acceptable to some of the affected parties since the decision maker's knowledge, attitudes, 
opinions and values may be perceived as limited or cliff ering significantly from their own, and 
they may not wish to completely rely on the decision maker's subjective interpretations of the 
available data. But if a broader evaluation is not possible or not particularly wanted, the 
decision maker would be well advised to adopt some rational procedure to guide the evaluation 
process. Decision Analysis is one such procedure. 
General Description 
Decision Analysis (Bakus et al., 1982; Baumol, 1972; Bisset, 1980; Coyle, 1972; Edwards, 
1967, 1977; Fischhoff et al., 1982; Green and Tull, 1978; Hershey et al., 1982; House, 1980; 
Kassouf, 1970; Keeney and Raiffa, 1976; Miller and Ladd, 1984; Raiffa, 1968; Sinden and 
Worrell, 1979) is one of a family of methods which Raiffa (1968) groups under Operations 
Analysis. Others in this family include: Operations Research; Management Science; Decision 
Science; Cost-benefit Analysis; Cost-effectiveness Analysis; Planning, Programming and 
Budgeting; Optimal Allocation; Decision and Control; and Systems Analysis (Raiffa, 1968:295). 
These methods are all concerned with dictating how one ought to behave in complex situations, 
and particularly 'how to be consistent with preferences, make use of judgments, and apply 
principles of rational behavior. 
Decision Analysis is concerned largely with the problem of choice in the face of uncertainty 
- when consequences will depend on an unpredictable event or set of circumstances - a situation 
which characterizes many complex resource allocation decisions. Decision Analysis is directed 
at formulating and applying rational decision rules for prescriptive behaviour based on 
preferences for consequences but which take into consideration attitudes toward risk, judgments 
about uncertain events, and the cost of acquiring additional information (Raiffa, 1968:297). 
There are four general steps to Decision Analysis: (1) structuring the problem, (2) quantifying 
uncertainties, (3) quantifying preferences, and ( 4) evaluating alternatives (Keeney and 
Sicheman, 1976:173). The method can be applied to single problems or sequential problems 
(which involve a chain of cause-effect relationships). One way of handling the latter category of 
problem is to use a "decision tree", a diagram which shows the branching ramifications of the 
decision and outcomes involved (Coyle, 1972:25). 
Some decision models are based on the assumption that the decision maker is capable of 
evaluating all the available alternatives and examining all the states and the outcomes. In most 
decisions, however, this assumption is unrealistic (Coombs et al. 1970). Information about 
future events is often too uncertain or imprecise to be used, or the number of alternatives is too 
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large and their payoff structures are too complicated to conduct an exhaustive evaluation. In 
such cases, some simplification scheme is needed. One approach is to develop models for 
decisions under conditions of ignorance. 
Decision Analysis offers several choice-criterion models which the decision maker can 
apply according to his attitude toward uncertainty and the perceived value of the possible 
outcomes. These models are concerned with the problem of making rational decisions under 
uncertainty; they are prescriptive in that they dictate choice given the forecast outcomes for each 
alternative (Green and Tull, 1978:26). Examples include the maximax, the maximin, the minimax 
regret, and the Bayesian. 
Table D.1 provides an example of how different actions might be chosen when using these 
four different models. In this example, Action A is expected to have an outcome of either 10, 0 
or -1,2; Action B is expected to have an outcome of 8, 4, or O; and it is thought that Action C 
could only have an outcome of 3. 
TABLED.1 
Choice-Criterion Models 
PAYOFF MATRIX FOR MAXIMAX MODEL AND MAXIMIN MODEL 
ACTION A 
B 
c 
x 
10 
8 
3 
OUTCOME 
y 
0 
4 
3 
z 
-1,2 
0 
3 
REGRET MATRIX FOR MINIMAX REGRET MODEL 
OUTCOME 
x y z 
ACTION A 0 4 4,2 
B 2 0 3 
c 7 1 0 
EXPECTED VALUE MA TRIX FOR BAYESIAN MODEL 
OUTCOME 
x y z 
ACTION A 5 3 -2 
B 5 3 1 
c 2 4 1 
The maximax model requires the decision maker to choose the alternative that yields the 
maximum payoff. In the example given, the payoff matrix reveals that Action A would have the 
highest possible payoff of the three alternative actions (10, as compared to 8 for Action Band 3 
for Action C). This model might be considered appropriate for cases in which there is relatively 
little uncertainty, low risk, or the decision maker is neutral as to risk. 
The maxim in model dictates choosing the alternative that maximizes the minimum payoff. 
In this example, Action C would be chosen, since the payoff would be at least 3 (whereas it could 
be 0 for Action B or -1,2 for Action A). This model might be valid if the decision maker has no 
~·· 
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meaningful information on which to base probability assignments for the various possible 
outcomes, or if there is high risk, or potentially large negative outcmµes, or if the decision maker 
is very risk-averse. 
The minimax regret model requires that the decision maker minimize the maximum regret 
that could be incurred. This more sophisticated version of the maximin model determines the 
conditional regret associated with each outcome and chooses the action which has the lowest 
probable level of maximum regret. In this case, it is necessary to first construct a "regret matrix". 
In the example given, Action B would be chosen because the maximum regret that would be 
incurred if the wrong choice were made would be 3 (as compared to 7 for Action C and 4,2 for 
Action A). Such a model might be adopted in cases of unacceptably high negative outcomes 
(even though they may have a low probability of occurrence), or when the decision maker is 
extremely conservative or risk-averse. 
Finally, the Bayesian model uses both objective and subjective estimates of probabilities of 
outcomes to calculate (by multiplying the probability of each outcome by the perceived value of 
that outcome) the expected value of each alternative. This transforms "uncertainty" problems 
into "risk" problems, and the maximum expected value is then selected. In this example, assume 
that the expected values of each action have been tabulated as indicated in the "expected value 
matrix". This matrix reveals that two of the possible actions have the same expected value: both 
Action A and Action B have a maximum expected value of 5, whereas Action C has a maximum 
expected value of 4. Action B does, however, have a higher expected value than Action A in 
respect of one of the two remaining possible outcomes (1 as opposed to -2), and therefore Action 
B would be chosen. This model might be preferred by decision makeirs who have confidence in 
their ability to assess probabilities, who face problems involving partial information, and who 
need guidance to the important question of whether to collect more information. 
Strengths of Decision Analysis 
Decision Analysis is conceptually very sound and has several strengths. A major advantage 
is that it incorporates probability and risk assessment in an explicit way; calculations of expected 
value (the sum of all the possible outcomes times their respective probabilities) or expected 
utility (expected value adjusted to reflect attitudes toward risk) are superior to a simple 
calculation of value which does not take the probability of achieving the outcome or attitudes 
towards risk into consideration. Perhaps its greatest value is that it formalizes the decision 
making process and guides the decision maker through a rational examination and evaluation of 
the available choices: it seems desirable to have some formal procedure for dealing with 
uncertainty because that at least makes managerial judgment explicit and open to discussion by 
those involved (Coyle, 1972:25). 
Even a rudimentary decision tree can help with conceptualizing the problem, identifying the 
critical areas of analysis and the areas of great uncertainty, and ensuring that the analysis is 
comprehensive and systematic and that subjective value judgments are made explicit. A decision 
tree can also stimulate new ideas or suggest new possibilities, and can help one decide whether to 
purchase new information. A not insignificant benefit of using a decision tree is that the exercise 
can impress upon one how little one knows about the probabilities involved, the complexities of 
the analysis, and even one's own value system (Coyle, 1972:27). 
Limitations of Decision Analysis 
There are several difficulties in applying Decision Analysis. Simple decision trees are 
inherently weak ln dealing with trade-off situations, conflicting goals, and negative effects. They 
also only present a static picture and cannot handle interactions (Mitchell et al., 1975:82-84). 
The use of more elaborate decision trees and choice-criterion models also presents some 
problems: 
• one must select viable courses of action, and strip away non-crucial factors, so as to display 
the problem in a manageable form; 
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• one must project information costs, ultimate payoffs (utility assignments), and risks (and 
decide how risk averse one is), and these data are not easily obtainable and estimates are 
often not reliable; and 
• sources of uncertainty are difficult to define and probability assignments are difficult to 
assign (Raif fa, 1968:34 ). 
Complex and unique sequential problems are difficult to evaluate because of the high 
, degree of uncertainty surrounding outcomes. And there is little point in going to the trouble and 
expense of performing an indifference probability assessment (Coyle, 1972:39), which involves 
constructing the utility curves of decision makers, if there is inadequate information on which to 
base probability assignments. Probabilities are difficult to estimate unless one has a large 
sample of outcomes, and in order to calculate expected value one needs a fairly large number of 
events (to demonstrate the repeatability of an event). This is very often not possible with major 
resource allocation decisions, which are typically unique, single-case events. In fact, for 
controversial resource allocation proposals there is considerable difficulty in just structuring 
options, and since preferences are often not well defined it is difficult to calculate utilities, so 
there is great potential for error (Fischhoff et al., 1982). 
There is a "judgmental gap" between the output of any model and the real world because of 
the intangibles, subjective feelings, and hunches that the model does not include. For many 
complex resource allocation proposals, this judgmental gap may be so wide that the analysis does 
not pass the threshold of relevance; the greater the subjective input to a problem, the less useful 
formal modeling will be (Raiffa, 1968:296). 
A major difficulty with Decision Analysis is that preferences vary systematically, just as 
perspectives do, when the frame of reference changes. People have limited cognitive capacities 
and so preferences are not consistent due to different interpretations of choice situations, 
particularly in a complex context (Slovic and Lichtenstein, 1983). Tversky and Kahneman (1981) 
have pointed out that there are psychological principles which govern perception (and so 
influence evaluation) so that transitivity of preferences, one of the axioms on which a rational 
theory of decision making is based, may not be assumed. Several contextual factors can effect 
the shape of a utility curve (and so influence expected value calculations), and there is no 
objective way to identify the "correct" context for framing an evaluation problem (Hershey et 
al., 1982). One solution is to test the robustness of preferences by framing the problem in 
different ways (Kahneman and Tvesky, 1984), but pr9blems about how to define utility functions 
and deal with intransitive preferences weakens the practical application of Decision Analysis. 
Finally, Decision Analysis has two other major difficulties: the method is dependent on the 
availability of the decision maker to participate in the analysis (ready access and substantial 
interaction are required to produce useful results), and it assumes the validity of his preferences 
for consequences, attitudes towards risk, and judgments about uncertain events (House, 1980). 
But the decision maker may be inaccessible or reluctant to reveal his true preferences, and his 
values, attitudes and judgments may not correspond to those who may be affected by his 
decision. In such cases, the output may be judged irrelevant and the analysis not useful. 
Alternative Approaches to Multi-objective Decision-making 
There are many other methods and techniques of decision making which have been derived 
from or are closely related to Decision Analysis. While provision is sometimes made for input 
from experts or affected parties, these methods and techniques are generally intended to utilize 
the judgments or assumptions of the decision maker to reveal, as objectively as possible, a set of 
desirable alternatives from which one can be chosen in the political decision making process 
(Massam and Askew, 1982). Some identify a superior alternative, or rank the set of desirable 
alternatives in terms of selected criteria. Others are designed to generate new and possibly 
better alternatives through mathematical manipulation (often computer assisted) of criteria 
weights. Following is a partial list of methods and techniques (arranged in alphabetical order) 
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that were either specifically designed for or especially lend themselves to the task of guiding 
resource allocation decisions. 
Analytic Hierarchy Process (Harker and Vargas, 1987; Khorramshahgol, 1988; Wind and Saaty, 
1980; Zahedi, 1986) 
Concordance Analy~is (Bakus et al., 1982; Massaro, 1980; Massaro and Askew, 1982; Van Delft 
and Nijkamp, 1976) 
Conjoint Analysis (Antilla et al., 1980; Green and Wind, 1975; Karwan and Wallace, 1980). 
Design-interactive evaluation systems (Massam, 1980; McAllister, 1980; Mitchell et al., 1975; 
Monarchi et al., 1973; Peterson et al., 1974; Sutherland, 1975) 
Factor Analysis (Bell et al., 1977; Dalkey et al., 1972; Massam and Askew, 1982) 
Framework Approach (Leitch, 1979) 
Goals Achievement Matrix (Bakus et al., 1982; McAllister, 1980) 
Goal Programming (Karwan and Wallace, 1980; Neely et al., 1977; Schuler et al., 1977; Sinden 
and Worrell, 1979) 
Lexicographic Ordering (Massaro, 1980; Massam and Askew, 1982) 
Linear Programming (Bowes and Krutilla, 1985; Jones et al., 1978; Kassouf, 1970; Mitchell et 
al., 1975; Van Delft and Nijkamp, 1976) 
Multi-dimensional Scaling (Bell et al., 1977; Dalkey et al., 1972; Massaro, 1980; Massaro and 
Askew, 1982) 
Multiple Objectives Analysis (Bell et al., 1977; Cohon and Marks, 1975; Easton, 1973; Hooley, 
1980; Hwang et al., 1980; Keeney and Sicherman, 1976; Keeney and Wood, 1977; Millsap, 
1984; Rouse and Sheridan, 1975; Schramm, 1973; Van Delft and Nijkamp, 1976; Westman, 
1985) 
Planning Balance Sheet (Johnston, 1977; Massaro, 1980; McAllister, 1980) 
Risk-benefit Analysis (Barbour, 1980; Bell et al., 1977) 
Scenario-building (Sutherland, 1975) 
Simple Multi-attribute Rating Technique (Bakus et al., 1982; Edwards, 1977; Gardiner and 
Edwards, 1975; Harker and Vargas, 1987) 
Social Judgment Analysis (Rohrbaugh, 1979) 
Structural Mapping of Indifference (Massaro and Askew, 1982) 
Utility Analysis (Baxa, 1981; Sinden and Worrell, 1979) 
There are practical difficulties with this general class of methods which are particularly 
serious with regard to their application and acceptance in Third World countries. The cost of 
applying them is usually high in terms of money, time and effort, and they are often regarded 
with suspicion because of conceptual complexity (many require recondite calculations and utilize 
sophisticated computer programmes which may not be understood or appreciated by key 
parties). For example, several of these methods and techniques involve intricate and rather 
obscure mathematical operations geared at producing numerical "answers" which seem to make 
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the decision for the decision maker. The mechanical nature of the process is not always 
satisfying to the decision maker and so there is a tendency to find fa ult with the procedure, 
particularly if the results do not accord with the decision maker's intuitive evaluation. In 
addition, many of these methods are characterized by inbuilt rigidities and so seem tedious or 
wasteful to the decision maker; others suffer from a lack of decision rules or clear guidance for 
applying critical procedures; and perhaps none have adequately demonstrated the ability to 
produce replicable results. 
A major difficulty has to do with the typical decision making environment. If the resource 
allocation problem is especially complex it is important to have ready access to decision makers 
and other key parties to properly frame, analyze and evaluate the problem. But decision makers 
typically resort to gross simplifications when dealing with complex decision problems, and are 
not inclined to collect a lot of information or submit to time-consuming and mechanical 
processes to estimate probabilities or work out preference orderings (Janis and Mann, 1977), 
especially in relatively unsophisticated decision making environments. Resource allocation 
problems in the Third World are characterized by difficulties in gaining access and cooperation, 
breakdowns in communication, imperfect understanding of the dynamics of the situation, and a 
lack of expertise and other resources to apply the method. Under these circumstances, there is 
every likelihood that "errors" will be made which will produce results that are perceived to be 
specious or far removed from common sense judgment. This will obviously discredit the 
evaluation and the procedure. 
Another shortcoming of some of these methods and techniques is that rather than directly 
evaluating the importance of outcomes, the evaluation procedure is often based on weights 
assigned to abstract evaluation criteria. There are two fundamental difficulties with this 
approach: (1) people find it difficult (and somewhat meaningless) to conceptualize the 
importance of criteria without reference to some specific environmental situation; and (2) the 
importance that people attach to a criterion will vary from situation to situation. Thus when 
various forecast outcomes are multiplied by criterion weights, striking anomalies can occur 
between the results produced by the method and the intuitive evaluation of the decision maker, 
in terms of both the relative importance of outcomes and (when these are summed for each 
alternative) the ranking of alternatives. 
Finally, one of the more important criticisms of Decision Analysis and related methods is 
that the entire procedure is usually based on the thinking and value judgments of the "decision 
maker" - usually one person - who has in the course of his development been exposed to a limited 
set of influences, and is now operating in something of a decision making vacuum. For this 
reason, it can be expected that many of the concerned parties will not accept the application of 
any of these methods and techniques as a way to resolve disputes concerning controversial 
resource allocation proposals. 
In spite of these general limitations, some of these methods can be helpful in specific 
situations when the decision maker wants guidance, understands and accepts the procedure, and 
is able to provide sufficient time and attention to conduct a thorough evaluation. This class of 
methods can prove especially useful in identifying the most promising alternatives from which a 
final selection can be made, and in formalizing the process of applying and trading-off evaluation 
criteria so that the decision maker is quite clear about the implications of the various alternatives 
and the rationale for his final decision. 
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APPENDIXE 
EXPERT SYSTEMS 
True "experts" are valued not only for their factual knowledge, but for their experience and 
insights. The mind of an expert contains many facts, but it also contains many hunches based on 
long familiarity with the phenomena surrounding the subject of his expertise. Experts often find 
it easier to give advise than to explain how they arrived at that advice - this is because their 
judgments are based on a mixture of analytical and intuitive reasoning (Murphy, 1988; Starfield 
and Bleloch, 1983). 
Qualitative data play a large role in most decisions, and the expert has assimilated much 
qualitative data and found ways of treating it that are not so amenable to direct scrutiny -
instead, the data are processed unconsciously and intuitive judgments result. But these intuitive 
judgments are valid often enough to make them reasonably trustworthy. 
Expert Systems is an approach to structuring the judgments and insights of experts in order 
to develop decision rules that can be applied singly or in combination to specific problems. The 
idea is to capture the thought processes of an expert as he considers data, and accepts and rejects 
propositions, and eventually comes to a decision, and then structure these thought processes so 
that they can be followed by a non-expert and bring him to the same decision. 
In constructing an Expert System, the thought processes of the expert are made as explicit as 
possible, and linked in a systematic and logical chain of reasoning. This is done by asking experts 
questions and exploring the reasons for their responses until a serie:s of linked decision rules 
emerges which is rationally and intuitively acceptable to the experts questioned. Once the model 
has been built and tested, it is usually programmed as a computer package for a specific type of 
application. The non-expert can then consult the computer, which has now become a surrogate 
for the expert; this means that valuable expertise can be packaged and distributed to anyone who· 
has access to a microcomputer. 
Expert Systems can be designed through an iterative, probing procedure which forces the 
expert to examine and re-examine his reasons for giving a particular answer, or asking a series of 
questions in order to get closer to the answer. The Delphi method is one effective way in which 
to develop an Expert System, but individual interviews or workshops involving several experts 
can also be used to build the model. A common approach is to ask "If-Then?" questions; the 
expert is asked "If this happens, then what (will happen) (should be done)?" The expert is then 
questioned about the reasons for his response, until an adequate understanding is obtained to 
formulate a decision rule, such as "If A, then Band C", or "If A, then B or C", or "If A and B, then 
C", etc. These decision rules are then linked to fully address the problem under investigation, 
and tested to ensure they are consistent and acceptable to the relevant experts (Murphy, 1988). 
Expert Systems, once developed, are powerful tools that can. solve problems quickly, 
explicate the reasoning behind judgments and decisions, and tap intuitive knowledge and 
experience - i.e., make the best use of qualitative data that is so often fundamental and even 
crucial to a decision. These systems can be updated relatively easily, and can sometimes be 
modified for use in another application or environment. Two or more Expert Systems can also 
be used under the command of another Expert System to provide what has been termed as a 
"knowledge-based consultation system" (Murphy, 1988:27). 
Expert Systems are not always easy or inexpensive to develop, and sometimes are too 
narrow or limited in their application. For example, different environments have different 
variables, and a system developed and tested in one area may not be applicable elsewhere 
because a critical factor or combination of factors may exist in other areas which the system was 
not programmed to properly accommodate. And some problems may simply be too complex to 
, .. 
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. programme at a reasonable cost, given the limited number of applications that may exist in a 
particular area. Ready access to computer facilities is also required. 
In spite of these limitations, the Expert Systems c'oncept has considerable potential to guide 
and inform decision makers on a variety of resource allocation problems, and is appealing to the 
decision maker because - unlike many techniques to aid decision making - it is based on 
principles of political rationality (see Political Rationality vs. Economic Rationality in Chapter 
2): there is no reliance on quantitative methods or the use of numbers to search for optimality, 
but rather the object is to use sound, qualitative judgments to find a satisfactory solution to the 
problem. Finally, the great advantage of expert systems is that 'it makes expertise widely 
available at a reasonable cost; this is important everywhere, but particularly in a developing 
country with major resource allocation problems and limited expertise for dealing with these 
problems, as in South Africa. 
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APPENDIXF 
PROBLEMS WITH USING PRESENT DISCOUNTED VALUE CALCULATIONS AS A 
GUIDE TO RESOURCE ALLOCATION 
There are several reasons why calculations of present discounted value should not play the 
major or decisive role in the evaluation of alternative resource allocation proposals. Some of the 
difficulties associated with relying on present discounted value as a guide to decision making are 
the following. 
• The benefits associated with many environmental resources cannot be priced by the market, 
and so are usually not included in calculations of present discounted value. 
• .Monetary measures of value are not necessarily accu,rate measures of utility. 
• The present discounted value calculation is biased in favour of persons living today. 
These difficulties suggest that it is not wise to attach too much importance to estimates of 
present discounted value as a guide to resource allocation. Following is a brief argument 
elaborating on this position by addressing each of the three difficulties mentioned above. 
The Problem of Market Failure 
The science of economics has developed an apparently rational approach to allocating 
scarce environmental resources among competing ends so that social well-being can be 
improved. Welfare economics is based on the marginal theory of value, which holds that a 
thing's value depends on the satisfaction the next unit can bring. Value is therefore measured by 
reference to the margin: an assessnient of marginal utility is more meaningful to resource 
allocation problems than an assessment of total utility, but there are two important provisos: 
• sufficient information must be available to assess accurately the true marginal utility of a 
good; and 
• consumption of the marginal unit must not significantly alter the exchange opportunity. 
If the market is functioning properly, the exchange value will reflect a goad's true marginal 
utility and this may be considered ,an appropriate measure of value. Some goods, e.g., water, 
may have a high use value and low exchange value, while others, e.g., diamonds, may have a high 
exchange value and low use value. This paradox of value is resolved by the concept of marginal 
utility: it is a goad's marginal utility that determines its value. The concept of exchange value as 
a measure of relative utility appears to work reasonably well for marketable goods because this 
value reflects the scarcity condition of a commodity, and an increase in price signals producers 
that there is a growing scarcity of this commodity. The market thus provides a low-cost and up-
to-date information service about the relative utility of unlike goods; this system has proved to 
have enormous advantages over other systems for obtaining information needed to coordinate 
production and consumption activities (Lipsey, 1979; Samuelson, 1973). Apart from the 
efficiency of this service, it seems both just and right that resource allocation decisions should be 
based on the valuations of consumers rather than a group of "wise men" (who may not in fact be 
so wise). 
Unfortunately, the prices of marketable goods do not always reflect the total opportunity 
cost involved in a transaction because valuable common property resources consumed in their 
production may be treated as free goods. Goods which cannot be owned and exchanged in the 
market are likely to be valued incorrectly, or not at all, yet these common property resources 
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may make significant contributions to social well-being; their use value may be high but poorly 
perceived, particularly at the margin, and exchange value may always remain indeterminable. 
Two important conditions to the proper functioning of a market are the specification of 
property rights and the availability of perfect information. However, in the real world many 
property rights cannot be specified, and consumers have limited experience, knowledge, and 
foresight to accurately evaluate the utility of certain goods (particularly with respect to goods 
provided by the natural environment). Since consumers have limited information, their 
expressed wants do not constitute a reliable guide to improving welfare. As a result, allocative 
processes in the market may be expected to result in sub-optimal choices. Common property 
resources are being exchanged for consumer commodities, but the exchange process is very 
complex and not clear to the average consumer (Wollman, 1967). For example, the average 
person is not likely to see the connection between his consumption of some good and the 
ecological or amenity costs that may result. If it is true that the consumer is not competent to 
evaluate utility at the margin for many goods, then it may be necessary to rely on the value 
judgments of specialists and to devise institutional mechanisms for ensuring that unpriced goods 
are given appropriate exchange values so that consumers will be led to make more rational trade-
off s with priced goods. 
In addition to the above difficulties, it is questionable whether the human mind can 
adequately comprehend the social value of very large amounts of money; the present discounted 
value is normally a large figure which cannot readily be interpreted in terms of more tangible 
goods and services, or easily compared with the value of unpriced impacts. The decision making 
problem is not simplified or much facilitated if one must try to compare the value of millions (or 
even hundreds of thousands) of rands with the value of a long list of nonmonetizable impacts to 
natural amenities and ecological processes. 
There is another reason for believing that conventional economic theory and practice may 
now be less reliable as a rational guide to improving social well-being. In a rapidly changing 
world environmental impacts are increasing at a rate and on a scale that is totally unprecedented. 
Some of man's adverse impacts on natural ecosystems have already gone far beyond the 
marginal, and given our great ecological ignorance, it may no longer be rational to make 
allocation decisions by reference to the margin. By the time we feel the full effects of our actions 
it may be too late to escape costs which suddenly escalate to the point of becoming an unbearable 
burden. 
Most economists agree that natural resource exploitation is subject to a number of different 
types of market failure (Common, 1988; Rees, 1985), and even though there may as yet be no 
solid evidence that continued economic growth will result in greater resource scarcity, Barnett 
and Morse (1963:266) have suggested that there is a need to develop new institutions or 
mechanisms to supplement market allocation, and these should be based on objective 
determinations of what is good for man, or for society as a cooperative enterprise. The problem 
is that ... 
. . . of all social processes, the most mysterious and least subject to guidance are 
those by which value standards are formed and changed. But the formation and 
modification of a social value consensus is ... a crucial object of concern. We 
think it would be desirable to act on the assumption that it is, in fact, possible to 
apply a more objective methodology to our value problems than we have been 
accustomed to believe .... 
The Problem of Individual vs; Collective Valuation 
Even if consumers had "perfect information", and other conditions for the operation of a 
"perfect market" were met, marke.t and shadow prices still could not be used to allocate scarce 
resources in a socially efficient manner. This is because "rarity value" - the value attached to 
acquiring a good because it is rare - often constitutes a significant proportion of an individual's 
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valuation of a good's utility, and this component of a good's market-based value does not 
contribute to social well-being. Any measure of value which varies negatively with 
improvements in social efficiency and just distribution cannot be used to gauge whether an 
action constitutes a social welfare gain. 
Since individuals attach value to gaining some relative advantage over other individuals, and 
since advantage implies disadvantage, individual valuations cannot be directly aggregated to 
obtain social valuations (Daly, 1987:331). A valid criterion of social value must be based on the 
intrinsic or absolute utility any good has for individuals and for society in general, and cannot 
take cognizance of individual perceptions of utility which depend on some degree of deprivation 
on the part of other members of society. It is therefore necessary to consider what proportion of 
a goad's price (which is a measure of its "scarcity value") is attributable to its intrinsic value and 
what proportion to its rarity value. Its intrinsic value is based on utility directly obtained, 
irrespective of other people's knowledge or possession of the good, and its rarity value is based 
on utility indirectly obtained, depending on other people's knowledge or possession of the good. 
The rarity value should then be factored out (i.e., the market or shadow price adjusted 
downward) to remove the social distortions of individual valuation. 
For example, the market price of a glass of water reflects its scarcity value (the opportunity 
cost of obtaining it), which is determined solely by its intrinsic value (the direct utility conferred) 
weighed against the value of goods which must be foregone to obtain it. (Rarity value is not a 
consideration because the fact that other people are thirsty would presumably not increase the 
marginal utility of a glass of water to the person purchasing it.) But the market price (or scarcity 
value) of a diamond necklace has two components of value to be weighed against its opportunity 
cost: (1) its intrinsic value (i.e., the direct utility conferred by its beauty and durability), and its 
rarity value (i.e., the indirect value from possessing a good that others covet - in other words, 
the fact that other people desire but do not possess the good increases the marginal utility of a 
diamond necklace to the person purchasing it). Individual demand curves for potable water can 
be aggregated to obtain: a market demand curve which faifiy approximates the true social utility 
of potable water. but a market demand curve for diamond necklaces does not reflect the true 
social utility of diamonds because the individual demand curves are based largely on the degree 
to which other people are deprived of diamonds. 
The Problem of Future Generations 
Cost-benefit Analysis is concerned with maximizing the net benefits to society, but the 
socially relevant time horizon needs to be defined. Planning and decision making is obviously 
"forward-looking", but the question is what are the time periods with which present planners and 
decision makers are concerned, and how should costs and benefits of one time period be 
compared with those of another? The standard approach is to define a socially relevant time 
horizon of up to 50 or perhaps 100 years, and to apply a positive rate of discount to the time 
stream of costs and benefits which is based on the current opportunity cost of capital or the 
present social time preference rate (Dohan, 1977; Sharp, 1981). However, this approach 
effectively ignores the effects of resource allocation decisions on future generations because 
even a small positive rate of discount will reduce the value of a large but remote cost or benefit 
to a negligible amount (Pearce, 1983). 
But there is no logical reason to restrict the definition of society to present individuals, or to 
favour one generation over another due to its position in time. If one accepts that society should 
be defined in terms of both present and future generations, and that the well-being of all 
generations is of equal importance (see Defining Evaluation Criteria in Chapter 4), then 
measures of value based on conventional discounting practices are inadequate as a guide for 
allocating environmental resources (Hallick, 1981a; Page, 1977; Price, 1973). 
Yet it is still common practice to base resource allocation decisions largely on projections of 
present discounted value (or other performance criteria of interest to present generations), and 
to essentially ignore the implications of these decisions for future generations (Daly, 1987; 
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Goodin, 1982). The conventional argument is that one should be primarily concerned with 
seeking efficiency improvements (maximizing present discounted value) to increase the general 
level of benefits available for consumption. The next priority is to take redistributive measures, 
if and when required, to redress any inequities from production activities. And finally, since 
future generations should also benefit from economic growth and technological advance, it is 
assumed that it should not be necessary for present generations to make special sacrifices to 
provide for their well-being (Baumol and Oates, 1975, 1979; Beckerman, 1972, 1974; Seneca and 
Taussig, 1979). 
But there is a countervailing argument which is becoming increasingly cogent because there 
is growing evidence that mankind is entering a new era in which production activities are having 
irreversible regional and global impacts which pose considerable risk, and which could ultimately 
lead to unacceptable levels of well-being for future generations (Boulding, 1971; Mishan, 1969, 
1977; Page, 1977). Many of nature's "public service functions" (e.g., life-support systems and 
natural amenities) are being impaired or destroyed by economic activity. Examples are acid 
rain, destruction of the ozone layer, the widespread loss of species and major ecosystems, and 
changes in weather patterns and rises in sea level due to the "greenhouse effect" (Clark, 1989). 
This new evidence indicates that while the great (and almost exclusive) emphasis on present 
discounted value calculations as a guide to resource allocation may have been reasonable in the 
past (because it always appeared there would be sufficient resources available to future 
generations), present patterns of development and resource allocation may leave future 
generations without the means to support a secure and satisfying existence. Conventional Cost-
benefit Analysis does not take cognizance of this new insight into man's environmental 
circumstances. 
It now appears that for certain critical environmental services the consumption of marginal 
units is beginning to affect the exchange opportunities that are available. This could lead to a 
special case of scarcity, associated with the concept of consumer surplus (~pd analogous to the 
ecologist's concept of ecosyst6hi. thresholds that, if breached, can lead to sy-stems breakdowns): a 
condition when further losses (or reductions in the exchange opportunity) would constitute such 
great and irreversible costs that they would be regarded as totally unacceptable (Spies, 
pers.comm.). 
In this new situation, what is called the "economic problem" - the problem of scarcity -
becomes more of a "moral problem" (Daly, 1987). When limits are being approached, the most 
significant thing about the concept of scarcity is not that an individual must choose to have less of 
one thing in order to have more of another, but that he must choose how much he is to have 
relative to what others may have, both now and in the future. It is not then just a question of 
seeking efficiency improvements; it is perhaps more important to consider what degree of risk 
and deprivation one is imposing on disadvantaged groups and future generations (Rees, 1985). 
Under these circumstances, if the goal is to achieve the highest possible level of social well-
being over a very long time horizon (spanning multiple generations), marginal analysis may be 
less relevant to resource allocation proposals than an analysis of distributional effects and 
potential sustainability. The new environmental and moral dimensions of resource economics 
suggests that the conventional ordering of the three criteria for achieving this goal should now be 
reversed: one should first require that the sustainability criterion not be violated; the next 
consideration should be whether the equity criterion is adequately satisfied; and only then should 
the efficiency criterion be applied. 
In developing an approach to this new situation, one might be guided by the following 
considerations. There are two general classes of goods which contribute to man's well-being: 
• goods which can be produced or re-created by man to meet demand (e.g., motor cars, 
operas, nuclear power plants); and 
• goods which, for technical or practical reasons, either cannot be produced or cannot be re-
created by man to meet demand (e.g., soil, natural landscapes, historical buildings). 
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The first class of goods yields benefits for a finite time, and their production involves 
certain costs (labour and capital costs) which are non-recurring and no longer felt after a short 
period of time. Discounting treatment seems acceptable for these benefits and costs because 
future generations are essentially unaffected. The second class of goods, however, is capable of 
yielding benefits indefinitely at low maintenance costs (in terms of labour and capital), and some 
may be regarded as having no suitable substitutes and as being essential to survival or 
maintaining a high quality of life. It therefore seems inappropriate to discount the future value 
of benefits flowing from such goods in a simplistic way. 
Planning optimal consumption patterns for nonrenewable resources would only involve 
consideration of whether and when substitutes can be developed. However, losses of many 
renewable resources which would be incurred in the production of manmade goods could 
constitute significant (and permanent) costs which would seriously affect the well-being of 
future generations long after these goods are consumed and the benefits are exhausted. These 
costs are foregone opportunities to appropriate benefits flowing from potentially renewable or 
sustainable goods which are destroyed or impaired in the production process. It would seem 
more appropriate to discount the future value of these costs at a zero or negative rate, or to give 
them some special weighting in the cost-benefit calculus. 
For this special class of goods, the treatment of different time streams of costs and benefits 
could simply be based on judgments as to the good's contribution to some basic human need, the 
prospects of finding a satisfactory substitute, and the implications of losing it forever. The 
future value of natural and cultural goods which can provide benefits on a sustainable basis can 
be expected to increase significantly relative to that of benefits from other goods (Krutilla et al., 
1972 ). One can anticipate an increasing demand for these goods if one accepts that a growing 
population facing the exhaustion of nonrenewable resources and the prospect of even greater 
impacts on ecological processes and natural amenities will become more dependent on 
remaining life-support systems, will face greater competition for amenities in fixed supply, and 
will need to make greater use of renewable resources to survive. 
Most economists discount these worries and take refuge in the demonstrated responsiveness 
of market mechanisms and modern technology. The argument is that as environmental problems 
become acute and shortages of environmental resources develop, other resources will be 
reallocated to alleviate the problems, and new resources or substitutes will be discovered 
because of market incentives. And of course, it is possible that future generations will not have 
serious resource shortages or ecological problems because they will have developed 
technological solutions for dealing with these problems, and it is also possible that future 
generations will not desire natural amenities (e.g., special features like wild and scenic rivers, or 
extensive natural settings like wilderness areas, which accommodate certain outdoor 
recreational activities) because they will have developed new tastes and preferences. The 
ingenuity and adaptability of human beings has confounded Cassandras before, and it is possible 
. that mankind will prove sufficiently resilient and resourceful to always prevail. 
However, the experiences and insights of ecologists suggest another view: certain biological 
systems and ecological processes should be regarded as essential resources which have no 
acceptable substitutes, and man's ability to manage these resources is limited by time and 
information constraints. Economic feedback mechanisms may be frustrated by market and 
political inertia, and technological lags may prove intolerable. There must be some ultimate 
limits in a finite world, and the odds of reaching at least one critical limit when the scale and rate 
of transformation is increasing exponentially are frighteningly high. 
Even if man develops satisfactory substitutes for nature's public service functions and 
manages to maintain life-support processes, the loss of natural amenities could significantly 
reduce the quality of life. While man has proved to be an adaptable creature, there is ample 
evidence that his sense of well-being is dependent on his environmental circumstances, and that 
natural amenities have contributed greatly to his quality of life. Some resource economists 
believe that economic growth and prosperity will lead to greater efforts to preserve natural 
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amenities (Krutilla et al., 1972). This is because concern for natural amenities appears to be 
correlated with higher incomes: as more people attain higher incomes, we might expect a greater 
demand for these amenities and a corresponding willingness to pay for them. But there is 
another possibility: suppose increasing population and changing lifestyles result in congestion 
effects and new tastes and preferences, so that people become alienated from natural influences 
and the utility of natural amenities becomes obscured? This in fact seems to be happening with 
urban populations around the world, so that the quality of life may be insidiously declining as 
man becomes gradually "denatured" (Allsop, 1971:xv; Milbrath, 1982:8). 
As already mentioned, one possible solution to the problem of how to take adequate 
account of today's resource allocation decisions on the well-being of future generations is to 
extend efficiency analysis over intergenerational time periods by applying some system of 
weights (rather than a fixed discount rate) for measuring the relative importance of benefits 
received at different time periods, or some form of differential discounting applied to different 
categories of costs and benefits (Goodin, 1982; Kneese and Schulze, 1985; Sharp, 1981). A 
selective approach would appear preferable to the present procedure of applying a more or less 
arbitrary rate of discount which is unrelated to precise definitions of social well-being and which 
is based on the questionable premise that satisfactory solutions will always be found for 
tomorrow's problems. Special discounting procedures could be developed for evaluating the 
significance of costs and benefits to present and future generations in light of the following time-
related propositions: 
• Goods which are potentially renewable or can provide a sustainable flow of benefits are of 
greater value to society than goods which are not renewable or sustainable. 
• Goods which can be produced without imposing significant long-term or irreversible costs 
on society are of greater value to society than goods which do impose such costs. 
• Goods whith have no satisfactory substitutes, and which are unlikely to ever have 
substitutes, are of greater value to society than goods for which substitutes exist or are likely 
to be developed through technological progress. 
• Goods which satisfy some essential need or enhance the quality of life are of greater value 
to society than goods which are obviously non-essential or do not enhance the quality of life. 
The problem with this solution is that it would be difficult to devise a practical system of 
weights or differential discounting that would gain wide acceptance. Another possible solution 
to the problem is to accept the present discounted value measurement of Cost-benefit Analysis 
as one factor (and an imperfect one) in judging the efficiency of a proposal, but from the point of 
view of present generations only. Then one would apply a separate criterion - the sustainability 
criterion - to evaluate the implications of a resource allocation proposal for future generations. 
The idea is that, in addition to considering how costs and benefits would be distributed over 
presept populations, one would also consider how they would be distributed over multiple 
generations, and then make explicit trade-offs with the efficiency criterion. This is the solution 
that is recommended in this dissertation. 
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APPENDIXG 
THE RATIONALE FOR DEVELOPING A NATIONAL CONSERVATION POLICY 
TO CONSTRAIN RESOURCE ALLOCATION OPTIONS 
To many people, it may not seem desirable - or even morally defensible - to safeguard 
elements of the natural environment, and refrain from exploiting every available resource, while 
there are human beings who are suffering greatly from deprivation today. It is obviously difficult 
to think about providing for the needs of future generations when one is faced with such 
desperately low levels of welfare amongst people living today, particularly· in countries like 
South Africa and other parts of Africa. But if one plans only for today, and fails to make a firm 
commitment to posterity by conserving some of the earth's bounty, even greater suffering could 
befall mankind. 
Hardin (1977a) feels that mankind is entering a new and desperate age which will demand 
new attitudes and ways of thinking, and that we should now interpret ethics on a supra-individual 
level. His analysis suggests that decision makers should be more concerned about the long-term 
needs of mankind than about the immediate needs of specific individuals today, which implies 
that first priority should be given to maintaining the carrying capacity of the earth (Hardin, 
1977b). Daly (1987) has also argued that new directions and priorities are needed to guide 
economic development and ensure that social progress is sustainable. 
Whether one agrees with the arguments put forward by Hardin and Daly, the concept of 
maintaining a reasonable level of environmental services, given mankind's new environmental 
circumstances and growing environmental predicament, seems a prudent policy to adopt. Such a 
policy would then establish the boundaries or context within which more specific problems of 
choice can be addressed: 
While some resource economists have maintained that there are no ultimate limits on 
resource use, and that the "exhaustion of resources argument" is fallacious (Common, 1988; 
Seneca and Taussig, 1979), intuition and reason both suggest that if resource allocation decisions 
are made in isolation from one another, a series of apparently optimal decisions can eventually 
lead to a sub-optimal result. Therefore it is necessary to consider the context within which the 
evaluation of specific proposals occurs, and decide whether to establish a national conservation 
policy that would constrain choice at the national, regional and local levels. An argument for 
adopting such a policy is presented in this appendix. 
The.Need to Constrain Choice 
Every development action has consequences on two general levels: the first is for that area 
and time period explicitly considered by planners and analysts, and the second is for a wider area 
and longer time period which lies outside the normal planning time horizon and boundaries of 
analysis. The first level is subject to greater control and is more amenable to analysis than is the 
second; although there is no sharp distinction between the two in terms of space or time, as one 
goes farther from the geographical center of the action or becomes more removed in time from 
the moment when the action was taken, the consequences of the action tend to become more and 
more muddled with the consequences of other actions taken elsewhere and at other times. The 
important result is that any resource allocation strategy and research methodology concerned 
solely with the planning and assessment of specific actions, even if applied universally and 
performed competently, cannot in itself ensure the attainment of a socially optimum position 
because of possible cumulative and synergistic effects with other actions. The decision space at 
the more narrowly circumscribed level should, therefore, be constrained by policy decisions at 
the more general level. 
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Krutilla says decision makers must take a broad view of resource use as a system which 
needs all its parts, and not make trade-offs in isolation (Krutilla, 1967). Individual actions have 
numerous and subtle "ripple effects" or complex ramifications which will not be perceived in any 
given assessment, and these effects will preclude, from a national or international point of view, 
attainment of a socially optimum allocation of resources (Mack, 1977:112). 
Apart from the very real problem that it is impossible to effectively apply any environmental 
evaluation methodology to every resource allocation decision, each plan· and assessment is 
necessarily limited in scope, so that ultimate effects (in combination with other decisions) will 
remain undetected by any given application of the methodology. The inevitable result of taking 
many decisions in isolation, if choice is unconstrained, is that society will move from one sub-
optimal position to another, even though each decision is based on a rational evaluation. 
Planning and assessment of specific actions should, therefore, be considered within a 
broader context, in which limits have been established for resource usage in order to ensure that 
parochial and short-term social objectives do not always dominate. A holistic, long-term, 
national and even global perspective is needed to direct and coordinate development actions to 
avoid the piecemeal abuse and destruction of environmental resources. There is thus a need to 
establish a policy framework within which the environmental evaluation methodology is to 
operate, and which prescribes other policy instruments as well. 
Without such a policy framework, development actions will continue to be guided by 
discrete and unrelated assessments that assume the status quo will be maintained elsewhere. 
This makes possible the destruction of resources on the assumption that substitutes will continue 
to be available, when in fact the substitutes themselves are being destroyed on the same 
argument (Price, 1977:95). 
To take a specific example: should policy allow recreational housing developments in the 
coastal zone to displace or impair the functioning of what has been termed "vital areas" of coastal 
ecosystems (Clark, 1974:59)? Although such developments might meet all the evaluation criteria 
from a local or regional perspective, they may still not be in the best overall interests of society. 
These developments benefit few individuals directly and - when considered in conjunction with 
similar developments in other locations - adversely affect many indirectly (e.g., through 
decreased fishery production, lost recreational opportunities, and reduced open space in the 
coastal zone), and such resources are already, from a national and long-term perspective, 
extremely scarce in South Africa. The real policy questions are: 
• Should a few people be allowed to monopolize a scarce resource, such as an estuary or 
coastal wetland system, and 
• Should there not be some mm1mum level of these resources preserved m perpetuity 
regardless of the implications for the efficiency objective? 
Isolated developments which contribute to the degradation of estuaries or eradicate 
wetlands do not seem very significant, but such developments are becoming more numerous and 
should at some point be curtailed, or else valuable and irreplaceable resources could be lost 
completely to the nation. 
Policy planners need to look at long-term national trends and establish the long-term needs 
of the larger society. Evaluations of specific, localized projects tend to be done in vacuo, and 
this can lead to insidious results: externalities that in isolation appear insignificant may have 
cumulative effects which. will eventually become significant and perhaps unacceptable. 
Ecological functions can become impaired and natural amenities can become degraded on a 
large scale if a policy is not adopted to control the utilisation of common property resources. If a 
laissez-! a ire attitude is taken, and there is unrestricted competition for a common property 
resource of importance to the nation, the use generating the largest negative externality is likely 
to prevail. 
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For example, if two groups are using a coastal wetland, one to observe the birdlife and the 
other to ride trail bikes, the birdwatchers will have no impact on the trail bike riders, but the 
latter could have a significant impact on the birdwatchers, who may then be forced to go 
elsewhere. But if the same phenomenon is occurring everywhere, the time may come when there 
are no suitable areas for observing birdlif e available to these people and then they (or their 
children) may give up birdwatching and perhaps take up riding trail bikes. And so externality 
effects may favour recruitment to the externality-imposing activity. This pervasive problem is 
likely to become more serious as population increases and crowding leads to more conflicts in 
resource usage. 
It· is therefore very important to create institutional mechanisms to counteract these 
displacement effects, or the availability of natural amenities will be so reduced that their 
potential to enhance well-being will be severely diminished; similarly, important ecological 
processes can be irreversibly damaged. The multiple-use concept (Bowes and Krutilla, 1985) 
and recreational opportunity spectrum concept (Clark and Stankey, 1979) are both concerned 
with meeting a broad range of resource demands without sacrificing the resource base necessary 
to meeting any one of these demands. This can be done up to a point, but ultimately there must 
be limits for particular activities; the obvious solution is to prescribe single-use areas and 
protected areas for those activities and environmental services that are considered especially 
vulnerable. While some recreational housing in the coastal zone should obviously be allowed, 
and some provision for trail bike riding in appropriate areas should be made, these resource uses 
should not be allowed to become too ubiquitous. Planners and decision makers have a special 
responsibility to provide an environment which offers diverse opportunities and keeps options 
open for the future (Mishan, 1969). 
Many scientists and economists envision a future in which the only essential raw materials 
will be energy and the most basic chemical molecules, which will be readily obtainable from sea 
water and rock. Some resource economists have claimed that there is no danger that welfare 
improvements will be checked by the exhaustion of natural r~sources because of the ability of the 
market system to adapt to the threat of shortages, and because of the prospect of continued 
technological advance (Baumol and Oates, 1975, 1979; Seneca and Taussig, 1979). But while this 
claim may be valid in the case of marketable commodities, it is highly dubious when applied to 
environmental services such as ecological processes (at least those which contribute to essential 
life-support systems - e.g., the creation and maintenance of topsoil, climatic processes affecting 
temperature and rainfall patterns) and certain natural amenities (those which are highly valued, 
have no substitutes, and cannot be created by man - e.g., Table Mountain, the Fish River 
Canyon). Natural organisms, ecological processes, ecosystems, and geological features are 
valuable natural resources which are not amenable to market solutions because they are common 
property resources, and once lost, there are no technological solutions to the problem of 
replacing them. In addition, these resources often enhance the quality of life, and some 
significantly contribute to the prospects of survival, yet many - which are vulnerable to 
destruction - have no satisfactory substitutes. 
Dohan (1977) has pointed out that once certain "public service functions" of nature are lost, 
it may not be possible to restore them, for both technical and economic reasons. The loss of 
these public service benefits adversely affects society in two ways: it reduces environmental 
quality, and it forces society to use economic resources to replace in part the public service 
functions of the natural environment, or to keep environmental quality from declining further. 
Society may then find itself in a position where the added cost of restoring environmental quality 
or providing services once obtained from natural ecosystems is unacceptably high, so that the 
socially optimal position is to remain at a less satisfying level of environmental quality and social 
well-being. This suggests that society should exercise great caution, and be prepared to accept 
high opportunity costs, to minimize the risks of slipping into a regrettable but effectively 
irreversible situation. Miller and Ladd (1984) has proposed a two-stage decision model for 
problems with irreversible effects which permits learning from the first stage. 
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Krutilla et al. (1972) have suggested that decisions which have irreversible effects on the 
supply of renewable resources entail a special responsibility and differ in character from 
decisions which can be undone if the consequences are deemed undesirable on hindsight, and 
therefore in a world of great uncertainty there is great value in the retention of an option which 
would otherwise be foreclosed. In order to keep options open, special consideration and 
treatment should be given that portion of the existing stock of natural resources which is capable 
of generating benefits in perpetuity. Biological resources, natural landscapes, and ecological 
processes are examples of irreproducible assets which may have no satisfactory substitutes. 
Since these goods and services of nature can provide benefits in perpetuity, stocks should be 
maintained above some minimum level to ensure their continued provision for society. 
There is great value in maintaining options, especially when uncertainty and irreversibilities 
are encountered and could be significant, or one can expect lagged responses to lagged 
consequences, such as depletion of the ozone layer (Fisher and Krutilla, 1985). A strong 
argument can be made that population, economic and technological growth are creating a highly 
volatile and dangerous situation which threatens the future, and which demands a new, more 
risk-averse strategy of resource management. The environmental problems which face modern 
society are potentially very serious. Never before have problems of congestion and resource 
depletion and degradation been so wide-spread; impacts are now occurring at a rate and on a 
scale that is totally unprecedented and which threatens the quality of life, and even the prospects 
of survival, for much of the world's population (Global 2000 Report, 1980). Many environmental 
problems are characterised by great uncertainties as to their causes, effects, and potential 
solutions. Given this situation, a strategy which favours risk-reduction would seem desirable -
such as adopting the minimax regret criterion model (see Decision Analysis in Appendix D) - and 
this means adopting a policy which puts greater emphasis on the concept of sustainable 
development (Allen, 1980; Clark, 1989; International Union for the Conservation of Nature, 
1980; World Commission on Environment and Development, 1987). 
According to Page (1977:11), "intertemporal equity" is an important problem because there 
is no way to add up the costs and risks along with the benefits and no way to guarantee that the 
future is going to be better off than the present. There are at least three difficulties: 
• uncertainties in estimating future costs and risks; 
• deciding what is a fair distribution of costs and risks between generations; and 
• persuading the present generation to accept its share of costs and risks. 
But one can make a strong argument, based on utility theory, that risk aversion is rational in 
modern industrial society because of the diminishing marginal utility of goods (Weston and 
Brigham, 1978:359) ); we should be more concerned with losing a unit than gaining a unit. This is 
particularly true in the case of irreplaceable environmental services, which are becoming 
increasingly scarce relative to consumer commodities, and for which the "consumer surplus" 
should now be considered. Dohan (1977:146,164) has said that the concept of consumer surplus 
provides the theoretical basis and rationale for calculating the value of common property 
resources, and suggests that large changes in the supply of environmental services require that 
the loss in consumer surplus be estimated. When the supply of a resource which has great 
intrinsic value and no close substitutes is rapidly declining, the significance of such 
considerations as irreversibility, "option demand", "nonparticipant demand'', "bequest 
motivation'', the welfare of future generations, uncertainty and risk are especially great. 
Risk-benefit analysis is primarily concerned with health and safety considerations. In 
decision theory, a risk is defined as the probability of an occurrence multiplied by the magnitude 
of the consequences (Barbour, 1980:175). There may be high risk in ecosystem destruction even 
though there appears to be a low probability of adverse effects occurring, because the 
consequences of error or unexpected sequences of events in large-scale systems can be 
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enormous. What Bell calls "cost-benefit-risk analysis" incorporates uncertainties: the decision 
criterion often used is to maximize the benefit-cost ratio with the restriction that the risk should 
not exceed an acceptable level. (Bell et al., 1977:9). 
If this line of reasoning is accepted and a policy emphasizing risk avoidance is promulgated, 
then the social welfare function should be modified to explicitly take into account the 
implications of resource allocation decisions for future generations. Herfindahl and Kneese 
(1974:389) have suggested that economic analysis would be more relevant if such considerations 
were incorporated into the definition of the welfare function, and have even suggested the 
adoption of a decision rule that would constrain resource allocation options: 
Our actions should not be such as to foreclose the attainment of a position with 
respect to nonexhausting resources by future populations that is attainable by us. 
Such a strategy - which accords with the idea advanced by Page ( 1977) that preserving 
opportunities for future generations would serve intergenerational justice - would necessarily 
entail some reduction of material and energy flows so as to maintain environmental services at a 
higher level, which would to some degree adversely affect the efficiency of production, but it may 
be that this strategy would not seriously exacerbate the present maldistribution of income and 
wealth. In fact, the effect may not only serve the sustainability objective by maintaining 
environmental services, but may also serve the equity objective by narrowing the income gap 
between different groups. 
Some reduction in the level of output would not necessarily adversely affect individual or 
net social well-being. Herfindahl and Kneese (1974:389) have suggested that reduced material 
and energy flows could result in a radical change in the composition and/or level of 
consumption, but they note the enormous flexibility with which consumers can reform their 
budgets so as to provide satisfying lives in spite of such changes. This suggests that the link 
between material goods and welfare has been overemphasized and that it may be worthwhile to 
revise the social welfare function: 
In elaborating these possibilities, it probably would be useful to experiment with 
more specific forms of the social welf arc function, partly to make ethical 
implications more explicit. One possible modification ... would be to abandon 
the monotonic relation between welfare and goods, perhaps thinking of the same 
level of welfare as attainable with widely different quantities of goods and 
services, provided certain specific minimum requirements are met (Herfindahl 
and Kneese, 1974:397). 
This accords with Juster's (1977:24) suggestion that it may be more appropriate, in our new 
environmental circumstances, to seek to "minimize illfare" rather than "maximize welfare" 
because for every individual there may be critical values - satisfactions above some minimum -
, without which overall welfare is perceived to be at low levels regardless of satisfactions with 
other aspects of life. There is no point in maximizing the consumption of several variables if it 
means not achieving some minimum level of one variable which in turn results in a low level of 
well-being. 
In support of this line of reasoning, one can cite the theory of psychological well-being 
advanced by Maslow (1969, 1970). Maslow has postulated that there is a hierarchical structure to 
man's needs and that higher needs only emerge when lower needs are gratified. If one accepts 
this theory, and determines that resource use is to be directed at satisfying man's true, 
biologically-determined needs, rather than overgratifying these needs or simply satisfying wants 
(which Maslow describes as false, culturally-induced needs), then resource demand can be 
reduced and stocks maintained even at relatively high population levels. 
Boulding (1971) has also suggested that the success of an economy should not be measured 
by its throughput - its production and consumption - but by the extent and quality of its total 
capital stock. As the supply, quality, and complexity of a society's total capital stock declines, the 
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prospects for achieving income flows necessary for improving or maintaining social well-being 
are diminished. The ideal Boulding proposes is to improve human welfare in ways that minimize 
throughput and so maintain stocks. Boulding calls for a transition from the "cowboy economy" -
one of reckless extravagance - to the spaceman economy - in which restraint and balance prevail, 
and the goal is not to maximize consumption but to achieve an acceptable state of social well-
being with a sustainable flow of resources. Given the rapid growth of world population and the 
growing disparity between the rich and the poor, and the increasing risk of economic, social and 
political disruptions associated with environmental degradation and resource shortages (and 
which could lead to economic and social collapse, or "resource wars"), this approach has much to 
commend it (Stauth, 1980). 
The above arguments make a strong case for adopting a new policy which is less concerned 
with the production and consumption of material goods that are destructive of environmental 
services, and more concerned with finding ways to provide acceptable levels of well-being with 
low levels of resource inputs. Such a policy would also be preeminently concerned with 
maintaining diversity and keeping options open. 
This accords with the central idea of economic development, which might be defined as 
organic change within an economy which results in increased opportunities for satisfaction or 
freedom of choice (Stauth, 1983a:83). Krutilla and Fisher (1975) maintain that a central 
postulate of welfare economics is that an expansion of choice represents a welfare gain; 
reduction of options a welfare loss. Krutilla (1967) says that if resource allocation decisions are 
made as alternatives come up, one at a time, it seems reasonable to expect that less common 
tastes will be extinguished over time and development will lead to a dull uniformity. Mishan 
( 1969) also states that improving freedom of choice is fundamental to improving welfare, and he 
proposes the promulgation of laws and regulations to establish a wide variety of environments to 
maintain those natural amenities which could not survive marginal comparisons in a situation 
which is common to all; this would provide people with truly meaningful choices, rather than the 
trivial choices associated with a. mass consumption society.· Mishan (1981) also suggests that · 
actions with potential intergenerational consequences should only be taken if they can make one 
generation better off without making any other generation worse off. 
All of this suggests that certain elements of the natural environment should be given a 
special status when devising a resource accounting scheme or a resource allocation strategy. 
These special elements would be resources which 
• are thought to have significant survival or amenity value 
• are renewable (or have the potential to confer benefits in perpetuity) 
• are regarded as being inherently irreproducible (except over geological time periods) 
• are considered unlikely to ever have suitable substitutes. 
For these resources, a national conservation policy is needed which is directed at ensuring a 
sustained yield of benefits. 
Policy Options 
Policies are broad, long-range formulation-based constraints on action (Sutherland, 
1975:463). They are based on certain a priori premises, such as, for example, the view that one 
individual's welfare is as important as that of any other, and the view that the resource base is 
owned jointly across generations (Page, 1977:xv). Accepting these premises, a reasonable guide 
to developing policy would be to adopt the Rawlsian position that planning should be done as if 
behind a "veil of ignorance" (Page, 1977:203), on the assumption that if the planner or decision 
maker did not know what his position in society would be, he would make a special effort to 
allocate resources equitably amongst all groups in society, no matter how placed in space or 
time. The object of such an approach would be to constrain the decision space available to 
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members and institutions of present-day society in order to better serve the larger and longer-
term interests of society. 
Evaluations of resource allocation options at the project level (and sometimes at the 
programme level) tend to overemphasize the efficiency criterion, because decision makers 
commonly place great faith in "trickle-down" effects and the power of economic growth and 
technological advance to eventually resolve any adverse intra- or intergenerational distributional 
problems that may arise. There seems to be no way to give more force to considerations of 
equity and sustainability in the conduct of evaluations which are, by their nature, narrowly 
circumscribed, because of the assumption that sufficient resources will always be available to 
eventually redress imbalances, rectify injustices, and replace losses that may result from 
implementing a more efficient development action. For this reason, policy makers need to take 
special cognizance of these neglected considerations and formulate an environmental 
management policy, as well as the legal provisions and administrative procedures for giving 
effect to the policy, to ensure that some minimum level of specific environmental services will 
always be maintained. 
At the heart of a policy based on this paradigm would be an overriding concern with social 
justice and conservation, since to ignore these two issues in today's world of growing social 
tensions and rapidly increasing demand for resources of all kinds is to accept a significant risk 
that social progress will not be sustainable (Stauth, 1980). Overarching such short-term 
considerations as political and economic expediency are considerations of what, in the long-
term, will be socially and biologically acceptable. Major challenges are to control the 
exploitation of common property resources, adopt an effective population policy, develop 
instruments for efficiently collecting and distributing transfer payments, identify levels of 
maximum sustained yield for renewable resources, and calculate optimum depletion rates over 
time for nonrenewable resources. These considerations are of particular importance in the 
Third World, where the carrying capacity of the environment is being undermined at an alarming 
rate (Biswas and Geping, 1987; Pearce, 1988; Rees, 1985; Global 2000 Report, 1980). 
The success of a society should not be measured by its gross national product, but by the 
level and distribution of well-being, and the nature, quality, and extent of its capital stock 
(Boulding, 1971}. Distribution and capital-stock concepts must be regard'ed as fundamentally 
more important than production and consumption concepts, and efficiency gains should not be 
allowed at the expense of gross distributional injustice and long-term jeopardy. Since it is the 
efficiency objective which tends to predominate in individual assessments and in the short-term, 
policy analysis should be directed at constraining the efficiency function so that efficiency 
improvements are subject to satisfying specified criteria relating to the equity and sustainability 
objectives (see Defining Evaluation Criteria in Chapter 4). The intent of such a policy would be 
to ensure that 
• the distributional effects of resource allocation will steadily improve, and 
• the prospects that future generations will be left with the means to enjoy a secure and 
satisfying existence (at least comparable to that enjoyed by present generations) will not be 
diminished. 
This could be accomplished if those who benefit from an action were reguired to take 
actions which would in effect compensate those who suffered costs, and maintain environmental 
services for future generations. This could take the form, for example, of legislation mandating 
payment of a severance or use tax, which could be used to effect transfer payments, and 
requiring the accomplishment of a "shadow project" to maintain or restore previously existing 
levels of environmental services (Page, 1977; Pearce, 1988). 
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Devising a Planning Policy Based on a Resource Accounting System 
Planning is the process of preparing a set of decisions for action in the future, directed at 
achieving goals and objectives by optimum means (Martino, 1972:332). From a national planning 
perspective, pursuit of the social goal and objectives (see Defining Evaluation Criteria in 
Chapter 4) is vastly complicated. The maximization of social well-being requires the generation 
of various kinds of information, not summable into a single number (or even subject to methods 
of analysis strictly based on quantification), as a basis for political decisions. The complexity of 
the problem and the dearth of reliable information for analyzing that problem precludes 
rigorous analysis and precise solutions, but it is possible to alter the institutional environment in 
a way that is designed to ensure that, even if optimization is not possible, the prospects are 
greatly improved that decisions will at least take society in the right directiov (see Political 
Rationality vs. Economic Rationality in Chapter 3). Changes in the institutional framework 
within which decisions are taken can act as a new "invisible hand" to improve social well-being 
(Kelso, 1977:819). 
One policy objective would be to establish minimum levels for the provision of specific 
environmental services, and another would be to promote uses which generate the lowest 
negative externalities and maintain the availability of a resource for the benefit of all. These 
objectives can be furthered through the application of a variety of policy instruments. For 
example, the domain of rights is part of the checks and balances on the market designed to 
preserve values and maintain a balanced set of objectives (Okun, 1975:13). One solution is t9 
pass legislation that assigns rights in environmental services to those whose use of these services 
does not inflict spillover (external) effects on others. Mishan has shown that as long as the law 
tacitly approves environmental spilfovers, a much lower level of environmental quality will 
prevail, and be considered optimal (in efficiency assessments), then would be the case if legal 
rights to environmental services were bestowed on the citizenry (Mishan, 1981:457-463). 
Stone (1974) believes that natural areas and objects should themselves be invested with 
legal rights. While repairable damage to the environment might be balanced and weighed, 
irreparable damage could be enjoined absolutely. Perhaps it is possible to make new ontological 
distinctions, legally recognizing the essential interconnections between societies of men and 
societies of nature. 
Spies (pers. comm.) suggests the proclamation of an environmental constitution which 
would safeguard especially valued but vulnerable environmental services. Constitutional 
protection for these key resources would serve to more effectively constrain policies, 
programmes and projects that might otherwise breach critical thresholds in the provision of 
those ecological processes and natural amenities which perform important life-support functions 
or enhance the quality of life. The object of such a constitution would be to minimize the risk of 
serious environmental degradation which could lead to "systems breakdowns" - ecological, 
economic, social and political - that might be uncontrollable and irreversible. Adoption of this 
suggestion would improve the prospects that mankind will survive, and that life will be rich and 
- varied and eminently worth living. 
Page (1977:xiii) advocates the use of market and microeconomic policy to achieve efficiency 
objectives, and macroeconomic policy and government intervention to achieve distributional 
objectives (both within and between generations). He suggests devising policy instruments, such 
as a severance tax, to keep the "real" price of vital materials constant or declining, and maintain 
valuable environmental services. This tax would, Page feels, impose little net burden upon the 
present generation but may have substantial effects on the condition of the resource base fifty 
years hence (Page, 1977:11). 
Another general solution is to devise a simple set of rules which prescribe specific 
constraints on the efficiency objective (since it tends to dominate other objectives in individual 
analyses). For example, efficiency is to be maximized subject to the constraint that the people of 
a particular region or socioeconomic class must have their level of well-being increased, or that 
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environmental quality, measured by some set of objective criteria, 1s not to be reduced 
(Herfindahl and Kneese, 1974:223; U.S. Water Resources Council, 1980). Failure to satisfy a 
critical criterion would result in rejection. Surviving alternatives could then be subjected to the 
evaluation procedure proposed in this dissertation (see Chapter 5). Thus, on a national level, 
resource managers would adopt the principles of "satisficing" rather than pursue a strategy of 
"optimizing" (Easton, 1973:78) in order to ensure that national policy objectives will not be 
violated in local assessments and decisions (see Political Rationality vs. Economic Rationality in 
Chapter 3). 
The acceptance of such simple, broad-based policy constraints on resource usage can be a 
vitally important adjunct to the adoption of a method of formal evaluation (which is of necessity 
more narrowly focused) in achieving society's goals and objectives, but there is still the difficulty 
of determining what level of constraints to establish, and how to apply policy in a practical way to 
all conceivable situations. The establishment of specific thresholds for maintaining certain 
environmental services should be based on perceptions of risk, which should in turn be informed 
by the best available judgments as to the value and vulnerability of these services. 
The first part of the problem of implementing a policy to maintain specified levels of 
various environmental services is to describe all the functions of natural systems which presently 
or potentially make significant contributions to social well-being, and the second part is to 
identify critical thresholds above which the various components of these systems must be 
maintained in order to ensure the continued provision of these welfare-inducing functions. The 
first problem is difficult enough, since ecologists have little understanding of the many complex 
interactions between organisms and their environment and the way in which these ultimately 
benefit man, and social scientists have not rigorously analyzed the way in which natural 
amenities contribute to individual and social well-being,, or the importance o( these 
contributions. But the second problem is even more daunting since it requires quantification of 
these poorly understood processes and effects, and the tools and methods of measurement used 
by ecologists and social scientists are not yet adequate to the task. Nevertheless, the problem is 
of such vital importance that it seems imperative to use whatever techniques and data are now 
available to estimate what these "critical thresholds" may be, and then promulgate "management 
thresholds" into which a significant safety margin has been built. 
Supplementary Note 
An Example of Planning Conservation Areas Through Resource Accounting 
To illustrate the general approach that might be taken in developing a resource accounting 
system, an example will be presented related to the question: 
How much and what parts of South Africa's estuarine resources should be 
protected for their ecological and amenity values? 
Estuarine systems are scarce resources in South Africa which confer many ecological and 
amenity benefits. In developing a resource accounting system to manage these resources, a team 
of ecologists - perhaps using Expert Systems or the Nominal Group Technique (see Appendix E, 
and Delphi and Nominal Group Technique in Chapter 3) - might first list the "vital areas", or 
subsystems, that form an integral part of and help define an estuarine system. Clark (1974:59) 
defines vital areas as "components of such importance to the functioning of the system that they 
must be preserved as intact units and given special protection from adverse influences". An 
example of a vital area would be a salt marsh. The next step would be to list the components of 
the subsystem; in the case of a salt marsh, this would include submerged grasses, certain species 
of euryhaline invertebrates, and juvenile marine fishes. 
Then the team of ecologists would need to define the functions and potential uses of the 
components, subsystems, and finally the estuarine system as a whole. For example, submerged 
269 
grasses (one of the components) provide shelter for invertebrates and juvenile fishes, and 
produce detritus which constitutes the base of the food chain supporting large populations of 
filter and deposit feeders, estuarine fishes, and juvenile marine fishes. Salt marshes (one of the 
subsystems) produce detritus, store and regulate the use of water, store and cycle nutrients, trap 
sediments to prevent siltation downstream, process and assimilate civilization's wastes, buffer 
other components from floods, provide critical habitat for many species (breeding, feeding and 
nursery areas), and provide a unique recreational resource for human populations. Estuarine 
systems (the ultimate objects of interest) serve to maintain a dY.namic equilibrium among coastal 
elements, play a role in biogeochemical cycling, are biologically highly productive (noted for 
high species diversity, richness, and biomass), provide critical habitat for rare· and endangered 
species, offer opportunities for scientific research and specialized recreation, are aesthetically 
unique and add diversity to the landscape, and may have significant but as yet undiscovered 
functions and potential uses. 
Once these functions and potential uses are identified and defined, the next step would be to 
inventory the country's estuaries, measuring and describing the components and subsystems 
which make up each estuary. In South Africa, much of this work has already been done (Begg, 
1978; Heydorn and Tinley, 1980), and the Estuarine and Coastal Research Unit is compiling 
synopses of all available information on each estuarine system in the Cape Province. 
Finally, an assessment would be made of the country's estuarine resource base, with the 
object of deciding 
• which estuaries should be maintained as functioning estuaries, and 
• at what level the various components and subsystems should be maintained in the selected 
systems to ensure that specific functions and potential uses of these estuaries would be 
conserved at reasonable levels. 
One way to approach these tasks would be to conduct an Environmental Aspect Analysis 
(see Appendix AA for an e~~mple) to determine which elements in each estuary are of greatest 
conservation interest, and then to apply Expert Systems to make informed judgments directed at 
defining the relevant thresholds, and identifying the specific elements of the resource base to be 
conserved. Delphi procedures or Decision Analysis could also be used to accomplish this task, or 
to aid in the development of Expert Systems for managing resources. Other possible approaches 
that have been formulated include Integrated Resource Analysis (Norton and Walker, 1982) and 
resource accounting systems based on energy analysis (Slesser and King, 1988) or other key 
outputs of natural ecosystems (Odum and Odum, 1972). 
The result of such an assessment would be the establishment of minimum maintenance 
levels for key resources and the delineation of "critical areas" to facilitate effective management 
of key resources. Once designated, a critical area would be afforded strict protection: no action 
would be permitted - regardless of how efficient (or otherwise desirable) it may appear to be - if 
that action would reduce the level of its components, or impair its functioning or alter its basic 
character, below the specified threshold levels (Oregon Land Conservation and Development 
Commission, 1976). 
After management practices based on the threshold analysis have been developed, proposed 
actions that would affect estuarine systems could be assessed using Expert Systems. In some 
cases, a development project might be allowed if accompanied by a "shadow project", which 
either restored the area to its original condition after the project or else created a new area 
which performed the same role as the disturbed one (Pearce, 1988). 
Finally, implementing the conservation policy could be entrusted to an independent Coastal 
Zone Advisory Board (Stauth, 1983b ), which would have full responsibility for monitoring 
thresholds and the viability of critical areas. This Board could observe and record the 
cumulative and synergistic effects of past and present activities on estuarine systems by keeping 
track of various parameters which are good indicators of environmental conditions in critical 
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areas; this information could then be used to control existing and future activities in such areas. 
The creation of such a Board would serve to compensate for the present diffusion of 
responsibility and incremental "ad-hocracy" in the management of estuarine resources, in which 
overall control of key environmental services is often effectively lost (Malan et al., 1983). 
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APPENDIXH 
INTEGRATED ENVIRONMENTAL MANAGEMENT 
The Evolution of Integrated Environmental Management 
In the early days of environmental assessment, environmental techniques were not directed 
at providing an input to the planning process, or to the implementation and management of a 
selected proposal. Environmental Impact Assessment was a reactive tool concerned only with 
critically investigating the environmental implications of proposals that were already in an 
advanced stage of formulation. As a result of its limited scope and essentially fault-finding 
character, Environmental Impact Assessment came to be seen as a negative process that caused 
great expense, trouble and delay of worthwhile development proposals. In addition, 
Environmental Impact Assessment was initially confined to assessments of specific projects and 
was not used to assess the sometimes more profound environmental consequences of policies 
and programmes. 
By the mid-1970s, these limitations were being recognized in the United States; federal 
agencies began incorporating environmental investigations into their planning procedures and 
management plans, and started conducting Environmental Impact Assessments of policies and 
programmes (Lee, 1982). Nevertheless, the term Environmental Impact Assessment is still 
widely used in the United States and elsewhere in the original, narrow sense, and many people 
still view Environmental Impact Assessment as anti-development and not constructive. 
Therefore, in South Africa it has been decided to adopt a new term which more accurately 
describes this broader concept that embraces all aspects of environmental planning, assessment, 
decision making and management; and that refers to a general procedure for guiding and 
documenting all development decisions to ensure the protection and wise utilisation of the 
environment. The term which the South African Council for the Environment has chosen to 
describe this process is "Integrated Environmental Management" .1 
Integrated Environmental Management is concerned with all aspects and stages of 
environmental resource allocation, from conceptualization and planning, through assessment of 
effects, to the taking and implementing of decisions and monitoring of results. Integrated 
Environmental Management can be defined as a comprehensive decision-making framework and 
set of administrative procedures for improving resource allocation decisions and actions. 
Integrated Environmental Management is essentially an approach to information gathering and 
analysis which encompasses a broad range of methodologies such as terrain evaluation, 
ecological studies, Cost-benefit Analysis, Social Impact Assessment, Risk Assessment, 
Technology Assessment, and futures research. The object of Integrated Environmental 
Management is to ensure that environmental considerations are efficiently and adequately taken 
into account at all stages of the development process, and that key. issues, judgments and 
decisions are clearly defined and communicated to all concerned. 
In 1984. the South African Council for the Environment established a Committee on Environmental Impact 
Assessment to recommend a national policy of environmental management. This committee co-ordinated a 
major research project which involved consultations with a broad spectrum of individuals and organisations 
throughout South Africa. Researchers also extensively investigated environmental management policy and 
procedures adopted by other countries, and produced a report which summarised the approach taken to 
Environmental Impact Assessment elsewhere (Schweizer, 1985). The committee then set about formulating the 
general principles and concepts of Integrated Environmental Management, and drafted a document 
recommending that Integrated Environmental Management be adopted throughout South Africa (S.A. Council 
for the Environment, 1989). 
... 
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The General Approach to Integrated Environmental Management 
The specific procedures used in the practice of Integrated Environmental Management will 
obviously vary according to the nature of the proposed action and the stage of its evolution, but 
the general principles and concepts of Integrated Environmental Management apply to all types 
of proposals using the same broad procedural framework. In order to clarify the nature of the 
Integrated Environmental Management process, and provide guidance for the practical 
application of specific Integrated Environmental Management procedures, it is necessary to first 
define the various categories of proposed actions that are encountered, the ~ that these 
proposals normally follow, and the different classes of assessment that exist. 
The Three Categories of Proposed Actions 
All development and conservation proposals or actions can be classified into one of three 
categories, which form a natural hierarchy in environmental resource management. 
1. Policies are declarations of general intent that guide the development of more specific 
actions. 
2. Programmes are sets of plans or systematic actions for giving effect to policies. 
3. Projects are discrete, highly-focused actions to meet more specific objectives. 
For example, authorities might consider several different policy proposals for managing 
coastal zone resources. Once a coastal zone policy has been adopted, various conservation and 
development programmes would then be considered to implement the policy. Finally, specific 
conservation and development project proposals would subsequently be evaluated in light of the 
policy and programme objectives. 
The Four Stages of Proposal Development 
All proposed actions - whether they are policies, programmes, or projects - go through four 
identifiable stages in their ~evelopment, from conceptualization through to implementation and 
management. 
• The Proposal Generation Stage is concerned with developing and refining proposals for 
meeting some perceived need. 
• The Assessment Stage is concerned with investigating and evaluating formal proposals. 
(The traditional focus of Environmental Impact Assessment, as the term implies, has been 
on the assessment stage.) · 
• The Decision Stage is concerned with identifying and formally selecting the alternative 
which is judged to be in the best overall interests of society. 
• The Implementation Stage is concerned with ensuring that the preferred action is 
successfully implemented. 
Evaluation takes place in all four stages. For example, in the proposal generation stage, the 
planner must evaluate the costs and benefits associated with various alternatives, and consider 
the value or worth of certain mitigation measures. In the assessment stage there is often an 
explicit (and always an implicit) evaluation of the significance of various impacts associated with 
a proposal. In the decision stage, an overall evaluation of the alternatives must be accomplished 
in order to make and justify the decision. Finally, in the implementation stage there is an 
ongoing evaluation of the effectiveness and adequacy of mitigation measures and other actions 
to judge whether any remedial actions are necessary. 
The Three Classes of Assessment 
Some proposals have more serious environmental implications than other proposals, and so 
warrant a more thorough environmental assessment. But in the early days of Environmental 
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Impact Assessment, relatively minor proposals were sometimes subjected to the same 
assessment procedures as m·ajor ones, and all aspects of the affected environment were of ten 
exhaustively documented even though it was apparent that many of these would not likely be 
seriously impacted, or were of little concern to anyone. On the other hand, some agencies 
subjected all proposals (even major ones) to a relatively cursory assessment, or gave in'cldequate 
attention to those impacts that were of greatest concern. 
A central concept of Integrated Environmental Management is that some kind o( 
"screening" procedure is needed to determine the appropriate level of assessment for a given 
proposal. The purpose of screening is to ensure that proposals with major environmental 
implications are properly assessed, but that time, money, and effort are not wasted on 
unnecessary investigations of proposals which will have no significant adverse impacts. 
All proposals will fall into one of three classes, according to whether any signifkant impacts 
are likely to result. 
• Class 1 proposals are those which clearly will result in significant environmental impacts 
• Class 2 proposals are those which may or may not result in significant environmental 
impacts 
• Class 3 proposals are those which almost certainly will not result in significant 
environmental impacts. 
The screening decision, which is based on past experience and the use of screening 
guidelines, can generally be accomplished very quickly. A set of screening guidelines and 
sensitivity maps could be developed to assist authorities in making screening decisions. The 
screening guidelines would include lists of those actions which experience has indicated normally 
require Class 1 and Class 3 assessments. Such lists, and other aspects of the screening 
guidelines, would become more refined and useful over time. 
Description of the Integrated Environmental Management Procedure 
Figure H.1 illustrates the general Integrated Environmental Management procedure, and 
Figures H.2, H.3 and H.4 illustrate the specific procedures appropriate to each class of 
assessment. A brief description of each stage of the general procedure, highlighting some of the 
differences between the various classes of assessment, will be presented in what follows. (In 
order to simplify this presentation, the discussion which illustrates the procedure will be directed 
at the project category, al~hough the general procedyre is to be applied to programmes and 
policies as well as to individual projects.) 
Proposal Generation Stage 
From the moment a proposal is conceived it begins an evolutionary process in which it is 
modified and refined to make it more effective and acceptable. In the past, the environmental 
implications of a proposal were seldom considered during this early stage. The result was often a 
formal proposal that had adverse and someti~es unacceptable environmental implications. If 
environmental analyses by professional environmental scientists are done concurrently with 
planning and design activities, the proposal that is formally submitted will have a much better 
chance of being environmentally acceptable. Overall costs will also be reduced due to better 
planning, fewer delays, and more appropriate utilisation of resources. 
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YES 
Proponent has an idea. 
Proponent and rcll'vant authority discuss how to im-
prove the idea. 
Proponent submits a proposal which describes the 
proposed action and alternatives. 
Authority ai<ll'<l by scrn·ning guidelines determines 
that this action is of a type that normally docs not 
cause significant environmental effects. 
Proponent gathers sufficient data to determine 
wh~ther any unusual circumstances exist. 
If unusual circumstances art· found which may cause 
significant environmental effects, the investigation is 
upgraded to a Class 2 assessment. Alternately, the 
proponent may choose to modify the proposed action 
for resubmission. 
Proponent confirms there arc no unusual circum-
stances which may cause significant environmental 
effects. 
Authority dl'ci<les whether to approve the pr_oposal. 
• 
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Procedure for Investigating Class 3 Proposals (from S.A. Council for the 
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Proponer{t has an idea. 
Proponent and relevant authority discuss how to im-
prove the idea. 
Proponrnt submits a proposal which describes the 
proposed action and alternatives. 
Authority is uncertain whether there could be signifi-
cant cn\·ironmentJI effects. 
Proponent gathers sufficient data to determine 
whether tlw proposJl may have significant environ-
mental ctfrcrs. 
If sig1nli,·;1nt l'nvironmcntal clfrcts arc likely the pro-
ponent must proceed with a Class l level of assess-
nH.:nt. AltcrnJtely. the proponent may choose to 
modify the proposed action for resubmission. 
Proponent completes the Class 2 report with a formal 
"Finding Of No Signific:111t Effects" IFONSE). . 
Authorit\' decides whether to approw the proposal: 
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Procedm·e for Investigating Class 2 Proposals (from S.A. Council for the 
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Proponent has an idea. 
Proponent and relevant authority discuss how to 
make the pro'posal more environmentally acceptable, 
and explore possible alternatives to the proposal. 
Proponent submits a proposal which describes the 
proposed action and alternatives. 
Authority aided by screening guidelines determines 
that this action will have significant environmental 
effects and therefore a Class 1 assessment is necessary. 
Environmental cfTects of proposed action and major 
alternatives arc investigated. 
Atli:ccnl publics arc asked what their concerns arc. 
Ollicials from local, regional. provincial and central 
government help identify the important issues. Alter-
native proposals arc solicited. Proponent may decide 
to modify the proposed al·tion for resubmission. 
Environmental effects or proposed action and major 
alternatives arc documented. 
The draft report is made available for public com-
ment, and may be reviewed by an impartial body for 
adequacy and completeness. Proponent may decide to 
modify the proposed action for resubmission. 
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Report is revised in light of the comments received. 
Authority decides, considering environmental and 
other criteria, whether to approve the proposal. 
If approved, measures required to reduce adverse ef-
fects are specified. An environmental management 
plan may be required. 
Authority writes a short dear report, for public dis-
closure, recording the decision and on what basis it 
was taken. 
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a If either the proponent or the affected public feel ag-grieved they may appeal to higher authority. 
A close watch is kept on whether the proponent is 
adhering to the management plan or observing the 
mitigation measures and any other conditions of ap-
proval. 
Some actions are reviewed after a period of time has 
elapsed to suggest how the !EM process might be 
improved. 
ACTIVITIES DECISIONS 
---------------POSSIBLE STEPS OR ITERATIONS 
Procedure for Investigating Class 1 Proposals (from S.A. Council for the 
Environment, 1989) 
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The proposal generation stage should begin with informal discussions between the 
proponent and the authority who is charged with responsibility for granting or denying approval. 
These discussions would allow the proponent to clearly explain to the authority the purpose and 
need for the proposed action, and give the authority an early opportunity to suggest to the 
proponent ways in which the action might be made more socially and environmentally beneficial. 
No expensive plans or formal documentation should be required during these initial discussions; 
this will help to ensure that the proponent does not become committed to a specific course of 
action until he has had an opportunity to consider possible objections on environmental or other 
grounds and consider alternative ways of meeting the purpose and need of the proposed action. 
The tasks to be accomplished during the proposal generation stage will differ according to 
whether the proponent is from the private or public sector. Private sector proponents should use 
this stage to gauge, through interactive consultation with authorities and concerned parties, the 
general desirability or acceptability of the proposed action in relation to relevant planning 
guidelines, structure plans and other development criteria. This may result in one or more 
alternatives to the original proposal. 
Public sector proponents (and private sector proponents utilizing public land) should be 
required to actively seek and consider viable alternatives for meeting the purpose and need of 
the proposed action. These alternatives may be fundamentally or incrementally different in 
character. Alternatives can then be compared and a judgment made as to which are most 
promising and deserving of a formal assessment. 
Assessment Stage 
The assessment stage is reached when the final version of the proposed action (along with 
any alternatives) is made ready for submission to the relevant authority. There is, however, an 
important feedback loop to the proposal generation stage since this formal assessment may 
suggest further modifications to the proposed action. The assessment stage culminates in the · 
production of a report that documents the results of the assessmenr. . 
If the planning process in stage on~ has had adequate environmental input, the final · 
versions of the proposed action and its alternatives will - to the extent that is practicable from the 
point of view of the proponent - minimize those environmental effects which are adverse, and 
enhance those which are beneficial. This will simplify the assessment process, and in fact the 
environmental report required at the end of stage two may contain environmental analyses 
already done during stage one. 
It is recommended that the proponent be held responsible for the entire environmental 
impact analysis process (viz., preparation and adequacy of all investigations and reports 
associated with the proposal assessment stage). The final environmental report will present, in 
an appropriate level of detail (depending on the class of assessment), a description of: 
• the reason for the proposal; 
• the proposed action and, for public sector proponents, alternatives to this action (to include, 
as a minimum, the alternative of taking no action); 
• the affected environment; 
• potential environmental impacts and who would be affected; and 
• possible measures to mitigate adverse impacts. 
The assessment stage need not be a costly or time-consuming process. To avoid 
unnecessary expense and effort, it is important that the relevant authority employ the 
aforementioned screening procedure to sift out those proposals which experience has shown do 
not normally result in significant environmental effects, or which may require only a brief 
investigation, so that relatively simple and straightforward assessments can be done for such 
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proposals. The following sections briefly describe the differences between the three classes of 
assessment. 
If the proposed action is one that, according to the screening guidelines, normally requires a 
Class 3 assessment, only a very perfunctory investigation need be done. This is simply to 
determine if there are any unusual circumstances surrounding the proposal which might require 
that the investigation be upgraded to a· Class 2 assessment. If there are no unusual 
circumstances, then a Class 3 report would be completed and submitted to the relevant authority; 
otherwise. a Class 2 assessment would be conducted (see Figures H.1 and H.2). 
If the proposed action is not one that, according to the screening guidelines, generally 
requires either a Class 3 or a Class 1 assessment, then a Class 2 assessment is conducted to 
determine whether any significant environmental consequences might result from the action. If 
there is a finding that in fact no significant effects would occur, a Class 2 report would be 
completed and submitted to the relevant authority. If, on the other hand, it is determined that at 
least one significant adverse effect is likely to occur, then the investigation would be upgraded to 
a Class 1 assessment (see Figures H.l and H.3). 
In the event that the screening procedure or Class 2 assessment indicates that the proposed 
action would have significant adverse environmental consequences, a Class 1 assessment is done. 
This class of assessment requires "scoping", a procedure which is initiated as soon as the 
screening decision is made. As the term suggests, scoping is concerned with limiting the scope of 
the assessment by early identification of the potentially significant impacts, and suggestions as to 
how these could be avoided or mitigated while still meeting the purpose and need of the 
proposal. Scoping is directed at involving affected publics as well as any authorities that may 
have jurisdiction or expertise relevant to the proposal. The object of scoping is to clearly identify 
and focus the assessment on the truly major issues involved, and to search for viable alternatives 
or ways to make the proposed action more acceptable. 
For Class 1 proposals, it is also important to provide for an ongoing review procedure to 
improve the analysis, ensure that the assessment is responding to genuine concerns, and 
encourage the development of compromise solutions and mitigation measures. For proposals 
which are particularly complex, involving a major allocation of resources, and which could result 
in especially significant impacts, a "scoping committee" comprised of persons with special 
expertise relev~nt to the proposal should be appointed early in the assessment process to guide 
the assessment and suggest ways of improving the proposal as new information is obtained. 
After the Class 1 assessment is completed, interested parties should be given an opportunity 
to comment on the draft environmental report, which is prepared at the end of the assessment 
process. Comment on the draft environmental report is to be solicited from members of the 
general public and special interest groups, as well as from government bodies and other 
authorities. The object of seeking comment on the draft environmental report is to ensure that 
all concerns have been heard, understood and addressed before the final environmental report 
goes to the relevant authority and a decision is made. In addition, the draft report should be 
reviewed for adequacy and completeness by an impartial person or panel with special expertise 
in environmental impact assessment. After all comments are considered, the draft report is 
revised and a final report prepared (see Figures H.1 and H.4). 
It ·is anticipated that many proposals will be assessed at the Class 3 or Class 2 level, thus 
reducing the cost and complexity of applying the general Integrated Environmental Management 
procedure. For example, a Class 3 assessment might be completed in one or two days using a 
checklist on a preprinted form, while a Class 2 assessment would normally require an 
investigation that could be completed in perhaps one or two months by obtaining readily 
available information from secondary sources and using the telephone to consult knowledgeable 
parties. Reports documenting these two classes of assessment should be very concise and easy to 
compile. In fact, the entire Integrated Environmental Management process can be made very 
simple and routine for these two classes of assessment, and it should be possible to develop, for 
each of these two types of proposal, an administrative procedure and documentation format that 
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would combine all requirements for the assessment, decision, and implementation stages of 
Integrated Environmental Management. 
Class 1 assessments will of course be the most time-consuming and costly to complete. In 
order to make the assessment process cost-effective, guidelines should be developed for 
document length and completion time. It is envisaged that a Class 1 report should normally 
consist of less than 150 pages and be -completed within one year. 
Decision Stage 
The general task of the decision stage is to identify and formally approve the action that is in 
the best overall interests of society. When the relevant authority has the appropriate 
environmental report, he will make his decision whether to approve the proposed action, grant 
conditional approval (subject, for example, to the satisfactory implementation of certain 
mitigation measures), or reject the proposed action on environmental or other grounds and 
adopt some other alternative (including, for example, the null alternative, or maintaining the 
status quo). 
If approved, there may be a requirement for a management plan, or the appointment of a 
person charged with monitoring and managing environmental impacts (an "environmental 
impact control officer"). The management plan is to describe how the action will be 
implemented in an environmentally sensitive way, and indicate how any required mitigation 
measures will be carried out; it should also establish a procedure for monitoring the success of 
these measures, detect any unforseen ·environmental consequences, and respond to 
environmental problems that may arise. 
If the alternative selected is likely to result in significant impacts which cannot be fully 
mitigated, then the decision maker has a special responsibility to explain his decision to the 
public. The d~cision should therefore be formally recorded in a document which explicitly states 
what the alternatives were, what alternative has been selected, and how environmental 
considerations were taken into account and weighed against other considerations in making the 
decision. The rec.ord of decision should be made available on request to any interested party in 
order to make the decision making process as open and accountable as possible. 
A brief but formal explanation of the decision will help avoid the misunderstandings, 
mistrust and rumours that often follow announcements of major decisions,_ and will make 
decision making generally more open and accountable, in conformance with the ideals of a 
democratic society. This would have two desirable effects: 
• Public officials would be encouraged to consider social welfare criteria more explicitly, and 
to develop effective procedures for applying these criteria. 
• The general public would then have a clear record for rationally assessing the performance 
of its elected or appointed officials. 
Finally, a clearly defined procedure should be developed for appealing against a decision. It 
is recommended that there should be time limits placed on both the filing of and ruling on 
appeals, and that the costs of appeal should be borne by the party that appeals the decision if the 
appeal is not successful. 
Implementation Stage 
For any action that has been approved in principle, some provision should be made to 
ensure that all conditions of approval are met. For those cases in which a permit is necessary, 
there may be stipulations attached which must be observed for the permit to remain valid. A 
monitoring programme will be needed to ensure that mitigation measures are being taken and 
are proving effective, and to ensure that unf orseen impacts will be detected and properly treated. 
If a management plan has been required, the relevant authority will need to develop some cost-
effective way to supervise the application and success of the management plan. 
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In addition, the authority should occasionally audit Class 1 actions after they have been fully 
implemented in order to assess how effective the management plan has been, and to gain insights 
as to how the entire Integrated Environmental Management process can be improved. 
Proposal Generation and Assessment for Class l Proposals 
This section explores in more detail how the Integrated Environmental Management 
procedure can be applied to Class 1 proposals, and analyzes more closely the relationship 
between the proposal generation and assessment stages. This section is also intended to clarify 
what is involved in each of these two stages, which are both directed at improving resource 
allocation decisions, and to indicate how this general research methodology for environmental 
evaluation can be applied to specific tasks. 
The Link Between Proposal Generation and Assessment 
Resource allocation actions are not normally the product of a single decision, but result 
from a whole series of decisions taken by a number of people during the Integrated 
Environmental Management process, from the proposal generation stage through the 
implementation stage. In fact, the "final decision" that is taken in the decision stage by the 
authority with ultimate decision making responsibility is really only a choice between a handful 
of the hundreds of possible alternatives (that differ in some fundamental or incremental way) for 
meeting the purpose and need of the proposal. These final alternatives have been selected and 
shaped by planners, engineers, environmental analysts and other professionals during the 
proposal generation and assessment stages. 
One of the major differences between planning and assessment is that the assessment stage 
is intended to provide a far more detailed examination of the environmental implications of the 
proposal(s) than would have been done in the proposal generation stage. But there is 
considerable overlap in the functions of environmental planners and environmental analysts. 
For example, environmental planners mu.st.search for a,lternative solutions to a problem, but 
then environmental analysts also have a "'responsibility to consider alternatives that should be· 
assessed. In addition, both need to forecast potential impacts and consider the nature and 
possible significance of these impacts, and what can be done to mitigate them. While this may 
seem confusing and somewhat inefficient, particularly because of the interactive and iterative 
nature of environmental planning and environmental assessment, it is eminently desirable that 
certain critical tasks are repeated by different persons because of the different responsibilities 
and perspectives of the environmental planner and the environmental analyst. Normally, for 
Class 1 proposals, more than one person will be involved in each of these tasks; for convenience 
these "groups" will hereinafter be referred to as the "planning team" and the "assessment team", 
and team members will be referred to as "planners" and "analysts" respectively. 
There are several reasons why it is advantageous to maintain a clear distinction between the 
planning and assessment processes, and to have two different teams responsible for their 
accomplishment. For one thing, the fundamental nature and orientation of these two processes 
are very different, and require a different mindset and different types of procedures. The 
planning team is charged with a highly creative task, whereas the assessment team faces an 
analytical task, and different talents and approaches are needed for these different tasks. 
In addition, planners will naturally feel compelled to defend their ideas and may therefore 
be blind to weaknesses and shortcomings in their proposal, while the analysts will have more 
open minds and can offer a fresh perspective and valuable insights into the merits of the proposal 
(and whether it can be improved or should be rejected in favour of some alternative proposal). 
Presumably if the planner could see the problems with his plan he would have corrected them (or 
adequately explained the reasons why they could not be corrected) before the plan was submitted 
as a formal proposal; it is very difficult to critically assess one's own plan, or be impartial when 
comparing one's own plan to some alternative. 
~ . .: ... 
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Finally, the planner is primarily interested in furthering the interests of the proponent, and 
will therefore be less incli~ed to pay sufficient attention to other interests. The analyst, by 
contrast, has broader responsibilities, and can devote more of his energies to examining the 
implications of the proposal for other groups. 
It is therefore extremely useful and productive to have one team, with no vested interest in a 
particular proposal, to critique the work of the team that is responsible for developing the 
proposal. Although there is obviously potential for conflict between these two groups, a 
cooperative attitude can and should be cultivated, and close working relationships should be 
fostered and maintained. 
Proposals with major e_nvironmental implications should, therefore, normally be formulated 
and planned in some detail during the proposal generation stage by one team, and then assessed 
by another team in the assessment stage. There are two general approachs for relating the work 
done by the planning team to that done by the assessment team. One approach - which is that 
adopted in the early days of Environmental Impact Assessment "is to have the two teams work 
sequentially and in relative isolation, so that the planning team produces a detailed proposal, 
accompanied by expensive design drawings and other supporting materials, that is then handed 
to the assessment team so that it may undertake an independent investigation of the proposed 
action and produce a detailed report on its environmental implications. This approach has a 
confrontational aspect and obviates finding ways to improve the proposal and reconcile potential 
differences before expensive commitments are made to one course of action. 
The other approach - which is in · conformance with the principles of Integrated 
Environmental Management and political rationality (see Political Rationality vs. Economic 
Rationality in Chapter 3) - is to have the two teams work together closely and undertake several 
iterations of planning and assessment in order to develop and improve one or more proposals 
before submission to the authorities in the decision stage. Environmental planners should 
obviously be part of the planning team from the very beginning of the proposal generation stage, 
·and once there is some specific proposal to assess, environmental analysts should continually 
feed back the results of their assessments to the planners so that plans can· be continually 
improved. Ideally, then, there is a positive feedback loop between the proposal generation and 
assessment stages, involving multitudinous decisions resulting from the interactions between two 
multidisciplinary teams as they undertake an iterative process of formulating and testing new 
ideas as new data arises. 
The Proposal Generation Stage 
Proposal generation is essentially a planning function - it is concerned with identifying the 
most socially desirable alternatives for utilizing the resources of an area, or for accomplishing 
some prescribed objective or set of objectives. This involves, among other things, an 
examination of existing and potential resource allocation patterns in the area of concern, an 
analysis of wants and needs, and a creative search for ways to meet those wants and needs in an 
optimal (or at least more satisfactory) manner. 
These investigations are scaled to suit the probable importance of the resource allocation 
decision and the availability of time, money and manpower to the planners. Emphasis will 
usually be on considering the implications of alternatives that have already been motivated by 
interested parties, such as private land owners or public authorities, but an attempt should 
always be made to suggest how these proposals could be improved, identify new alternatives, and 
possibly resolve conflicting interests by devising some compromise plan that would be acceptable 
to all parties. Rational planning is concerned with solving problems rather than simply 
promoting an idea or object: it is vitally important to first elucidate the problems that are to be 
solved, and then to ensure that all possible alternative solutions to each problem are identified 
and given proper consideration (Brooks, 1976:124-125). 
Once a comprehensive range of alternatives has been identified, some procedure is ~eeded 
to evaluate their viability and decide which should be subjected to closer scrutiny. The selection 
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of "fin al proposals" - those which will be put forward for formal assessment - should normally 
be accomplished in consultation with affected parties and appropriate authorities, using formal 
and informal techniques for judging the relative desirability of the various major alternatives. 
The objective of this phase is to reduce the number of alternative plans to more manageable 
proportions (preferably to two or three) in order to permit detailed assessments and evaluations 
to be accomplished at a reasonable cost. 
The problem of deciding what alternative proposals should be fully developed and subjected 
to a detailed analysis is a major consideration which has not been adequately addressed by many 
formal environmental evaluation methodologies. The development of strategies that direct 
attention to the factors judged to be most critical in distinguishing likely alternatives is a subject 
that has been almost completely overlooked in the formal evaluation literature, yet the function 
can be crucial (McAllister, 1980:272). Very often it is left to the individual planner to "think up" 
possible alternatives to a proposal, and this narrow and unsystematic approach to generating 
alternatives must often result in sub-optimal solutions to resource allocation problems. Optimal 
resource allocation plans are not likely to be achieved if not all alternatives are known; the 
search for alternatives is therefore of considerable importance (Kassouf, 1970:85-86). 
There are two major classes of alternative proposals (Easton, 1973:81): those which are 
disparate or fundamentally different (i.e., members of a heterogeneous class), and those which 
are discrete or incrementally different (i.e., members of a homogeneous class). The difficulty is 
that between these two classes there are virtually an infinite number of potential solutions to a 
set of problems, since for each proposal which is fundamentally different (and there may be a 
great many of these), there are a host of variations which are incrementally different, each 
having different implications for social well-being (Matthews, 1975:128). To attempt to 
precisely identify and then rigorously plan or assess all possible alternatives would obviously be 
impractical, but several techniques have been developed to aid in the identification of the most 
promising alternatives. Once identified, these final proposals can then be subjected to the fuH 
planning and assessment procedures. 
The two key steps in the proposal generation stage - identifying a wide range of possible 
plans, and then selecting a few for detailed planning and assessment - require the clear definition 
and application of evaluation criteria. Planners should search for alternatives which will resolve 
resource allocation problems in ways that are efficient, fair and sustainable. While other, more 
specific, criteria might also be formulated to provide guidance in the selection of alternatives, all 
should in some way be related to these three more general criteria (see Defining Evaluation 
Criteria in Chapter 4). 
The problem of generating suitable alternatives has no straightforward solution (Green and 
Tull, 1978:22-23). Generally, one or more alternatives will be given by the owner, developer or 
managing authority of the resources in question, since projects are normally initiated at the 
request of an interested party who has some specific suggestion as to how the resource should be 
utilised. Once initial suggestions have been investigated, a search for variations of these 
proposals (through, for example, the adoption of certain mitigating measures), as well as for 
completely different alternatives, should begin. General approaches to this task include 
(Easton, 1973:88): 
• relying on one's own experience; 
• conferring with colleagues; 
• consulting experts; 
• reviewing research reports; 
• establishing a task force to gather new data and explore new ideas; and 
• surveying interest groups or the general public. 
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Common sense, insight, and good judgment must play a role in any approach. __ 
Current approaches to forecasting the possible effects of alternative actions are weak, and if · 
forecasts are to be useful and defensible, a more systematic approach is needed (Duinker, 1986). 
At the heart of this all-important task of searching for reasonable alternatives is the art of 
forecasting. Armstrong (1985:14) suggests that this art can be made into something more of a 
science by using a systems approach to forecasting, which involves the fallowing steps: 
• identify objectives, 
• describe the system, 
• devise strategies, 
• evaluate strategies, and 
• select strategies . 
Planners must first clearly identify their intentions (i.e., what ev-ents do they want to 
control?) and then consider the possible outcomes of pursuing these intentions (i.e., what events 
could occur that may not be under one's control?). Due to the complexity of the task, it is 
advisable to use more than one approach to forecasting and then combine the forecasts. Some of 
the different approachs to forecasting are: judgmental methods; bootstrapping; extrapolation 
methods; econometric methods; and segmentation methods. 
If using more than one approach, Armstrong (1985:272) suggests the following order (see 
Figure H5): 
• subjective methods before objective methods, and 
• segmentation before extrapolation or econometric methods. 
Subjective or judgmental methods involve three steps: 
• select judges; 
• pose questions; and 
• obtain forecasts. 
Expert Systems (sometimes called "bootstrapping) is a subjective method that is made more 
objective by providing a means of objectively applying subjectively-determined rules. This 
technique combines the strengths of the subjective and objective approaches to forecasting 
because rules for forecasting events are formulated using the subjective method, and then the 
rules are applied using the objective method. The first is a complex task, involving intuitive as 
well as analytical reasoning, and this is what true experts are good at doing; the second is a 
straightforward but tedious task, and models are better than experts at doing this because they 
do not tire or get emotional or have their attention diverted or get fixated on any of the elements 
while applying the rules in a logical way. Thus, the forecaster can build a model that is better at 
forecasting than he is - hence the term "bootstrapping". 
Potential sources of error in building an Expert Systems model are bias (from being too 
close to or affected emotionally by the situation) and "anchoring" (from having a rigid outlook or 
preconceived position - usually a "conservative" view). Both of these problems can be 
substantially ameliorated by engaging several experts and using an iterative procedure with 
feedback, such as the Delphi method, in building the model.2 
2 See Appendix E for a fuller discussion of Expert Systems. 
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Several group techniques can be used to generate alternative plans (Burton, undated): 
• Formal or informal committees can be , ornanized to exchange ideas and make 
recommendations for plan definition. 
• Discussion groups off er a more relaxed and unstructured approach to formulating plans by 
consensus; discussions can be made more effective if each participant prepares a written 
statement for discussion and then makes notes of the group's suggestions for modifying the 
plan. · 
• Brainstorming promotes a free and uninhibited atmosphere for generating ideas; 
spontaneity and creativity are encouraged by prohibiting formal judgments and judicial 
evaluations, and participants are asked to try to integrate and improve on ideas previously 
suggested. 
• The Nominal Group Technique3 is a highly structured, non-interactive process which can be 
adapted to the formulation of plans or major components of plans. For example, each 
participant can list his ideas on a piece of paper. The group facilitator then asks each 
participant in turn for one 'idea, recording the ideas on a master list, and continuing the 
process until all the ideas have been recorded. Each participant then selects the ideas he 
feels are best and writes them down in order of importance. The resulting lists are 
combined and a group-preference list is derived. This list can then be discussed, and ideas 
modified, to produce alternative plan descriptions which can be submitted to a final vote. 
Group techniques can also be used to select the final proposals for assessment, but the 
problem of merit-ordering a set of alternatives is more amenable to mathematical treatment and 
several special methods and techniques have been devised to deal with it (see, for example, 
Appendix D and Special Methods in Appendix A). Most of these approaches involve the 
weighting Of criteria and the adoption of simple decision rules for rejecting or accepting each 
alternative. For example, one simple approach is to establish minimum requirements for 
satisfying each criterion, and then eliminating those which do not meet the prescribed standards 
and selecting the best of the survivors according to the weighted sum of quality points (Easton, 
1973:270). This approach could be useful if policy constraints were placed on the utilisation of 
selected environmental services as suggested previously (see Appendix G). Another approach is 
to apply different sets of weights to the criteria which reflect the preferences of different interest 
groups, and then selecting as the final proposals those alternatives which receive consistently 
high rankings (Easton, 1973:298). 
Techniques for merit-ordering of alternatives generally involve a vector-to-scalar 
transformation to construct a single index-number that can be used thereafter as a figure-of-
merit. Unfortunately, different mathematical operations can give different rankings of 
alternatives (Easton, 1973: 172). Another major difficulty with merit-ordering techniques in' 
general is that it is extremely difficult to weight criteria without reference to specific changes in 
outcomes in terms of the criteria. Simply saying that criterion A is 2.4 times as important as 
criterion B disregards the fact that utility functions may vary from situation to situation and may 
increase or decrease at different rates according to a number of context-specific variables. 
Nevertheless, some criterion weighting and merit-ordering techniques appear to be useful 
tools for reducing the number of alternatives to be considered (Easton, 1973:183-216). No 
matter which technique is used, sensitivity analysis should always be performed to discover just 
how sensitive is the ranking of alternatives to small changes in criterion weights (Easton, 
1973:302). 
Criteria weighting can be done in several ways. For example, one method is to first rank the 
criteria, and then place each criterion in order of importance along a scale from 0-100 which 
3 See Delphi and Nominal Group Technique in Chapter 3 for a fuller discussion of this technique. 
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constitutes a ratio chart (the most important criterion entered at 100, the second most important 
entered against the number which reflects its ratio of importance to the first, etc.). Another 
method is to use a scaling factor derived by conceiving a pair of equally attractive alternatives 
scored on two criteria, preferably the least and most important; intermediate criteria are then 
weighted by linear interpolation, making adjustments by comparisons of criteria of adjacent rank 
(Easton, 1973:295-296). 
Many techniques for identifying leading alternatives are based on one or more of the group 
of analytical procedures which grew out of Operations Analysis, such as Systems Analysis and 
Decision Analysis (Raiffa, 1968:295). One possible application of Decision Analysis (see 
Appendix D) in narrowing the range of alternatives would be to ask natural antagonists (groups 
with different value systems or interests who are advocating mutually-exclusive alternatives) to 
use this technique to systematically explore the range of discrete (or incrementally different) 
alternatives in which they may be interested. Each group could use a Decision Analysis 
technique appropriate to the level of resources available to come up with the alternative which 
would maximize its expected utility. In this way the proponents of disparate (or fundamentally 
different) alternative plans could systematically and rationally narrow the range of alternatives 
to be fin ally considered by the decision makers. 
Massam and Askew (1982) have conducted a thorough evaluation of several major 
techniques for identifying leading policy alternatives. These techniques could also be applied to 
alternative programmes and projects. The techniques evaluated were structural mapping of 
indifferences, utility values, lexicographic ordering, factor analysis, concordance analysis, and 
multi-dimensional scaling. The aim of these is 
to present a set of better policies from a larger set of feasible alternatives. As 
such the methods should be seen as sieving devices for reducing the set of 
possible alternatives, rather than as a means of identifying the best policy. The 
ptost appropriate methqd needs to be comprehensiv~, systematic, simple and 
. quick, and be an aid in the decision making process, not a means of making the 
decision. It is suggested that concordance analysis and multi-dimension scaling 
meet these criteria .... [The concordance analysis technique is preferred because 
it] is objective, permits incommensurable scales, and utilizes all the data given. 
It allows sensitivity analyses to be easily included through varying different 
aspects of the procedure, and presents the set of best policies in a way that 
indicates the relative attractiveness of all the policies (Massaro and Askew, 
1982:203) 
Formal techniques for evaluating and eliminating the number of alternatives to be 
considered can greatly assist in the identification of a set of preferred alternatives, but they are 
not essential. What is more important is making a commitment to the search for alternatives, 
.and ensuring that the quality of investigations are to a high standard. The human mind is, after 
all, capable of storing and processing huge quantities of information, and therefore simple 
human judgments can be relied on to select the proposals most worthy of assessment provided 
that these judgments are made within the framework of a procedure. which is conducive to 
rational analysis. 
The Assessment Stage 
The terms "Environmental Impact Assessment" and "Environmental Impact Analysis" are 
often used interchangeably in the literature (and both designated by the acronym "EIA") to refer 
to the process of gathering and analyzing data pertaining to the potential environmental 
consequences of taking some action (Schweizer, 1985:7-11). In this dissertation the term 
Environmental Impact Assessment has been used to refer to the administrative process by which 
the environmental impact of a proposal is determined (Fuggle, 1983:488). 
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The Distinction Between Assessment and Evaluation 
Environmental Impact Assessment is primarily concerned with forecasting what might 
happen if a given action is taken or not taken, and describing these forecast outcomes in 
sufficient detail to permit decision makers and concerned parties to judge their social 
significance. An Environmental Impact Assessment may or may not be concerned with making 
explicit evaluations of the social significance of alternative actions, or of any of the forecast 
outcomes associated with these actions; therefore, a distinction can and should be made between 
environmental assessment (or analysis) and environmental evaluation. Evaluation has been 
described as the process of obtaining, organizing and weighing information on the consequences, 
or impacts, of alternatives (McAllister, 1980:3). Environmental Impact Assessment, on the 
other hand, is more narrowly concerned with the systematic collection and interpretation of data 
so that alternatives can then be "weighed" and trade-offs made. Environmental Impact 
Assessment is certainly concerned with "obtaining" and "organising" information, but not 
necessarily with explicitly "weighing" that information; nevertheless, its primary object is to 
assist decision makers in accomplishing for themselves this difficult task of evaluation. 
Environmental Impact Assessment has been defined by Munn as an activity designed to 
identify and predict the impact on man's health and well-being of legislative proposals, policies, 
programmes, projects and operational procedures, and to interpret and communicate 
information about the impacts (Munn, 1975:23). The object of Environmental Impact 
Assessment is thus to provide the information that is necessary to conduct an evaluation of the 
environmental implications of a proposed action. Environmental evaluation obviously occurs 
during the assessment stage of Integrated Environmental Management (though not necessarily 
explicitly), but it also takes place in the proposal generation stage and is - most importantly - the 
culmination of the planning and assessment process in the decision stage of Integrated 
Environmental Management. 
The distinction between Environmental Impact Assessment and environmental evaluation is 
not just an academic one: some Environmental Impact Assessment techniques requii:e the 
environmental analyst to make value judgments which may be beyond his competence and these 
judgments may not be accepted by decision makers or other concerned parties; this can cast a 
pall over the entire Environmental Impact Assessment process, and diminish the credibility and 
usefulness of the Environmental Impact Assessment report. In addition, decision makers 
normally do not want the evaluation done for them; they simply want enough information 
provided in the Environmental Impact Assessment so that they can evaluate the environmental 
consequences for themselves (Bisset, 1980:37-38). 
Finally, formal evaluations employing elaborate or sophisticated techniques are not always 
practical or appropriate, particularly in Third World countries; there seems to be little point in 
going to great trouble and expense if proposals are not particularly controversial, or if they can 
be made more acceptable by employing the principles of political rationality (see Political 
Rationality vs. Economic Rationality in Chapter 3). On the other hand, comprehensive and 
explicit evaluations are more useful (and often desired by decision makers) for controversial 
resource allocation proposals because some attempt at applying the principles of economic 
rationality can help defuse emotional antagonism and mistrust, and persuade anxious individuals 
who are party to the conflict that an open, independent and objective evaluation will be done 
(see Chapter 5). 
In most cases, it is possible to find a way to accomplish the objectives of the proponent in a 
way that is acceptable to all aff ~cted parties, provided that planners, analysts and d.ecision 
makers follow the principles of Integrated Environmental Management. It is only when serious 
controversy and irreconcilable proposals are involved that it is advisable to go further and 
supplement the assessment with a formal evaluation (see Formal and Informal Evaluations in 
Chapter 2). 
The basic approach to assessment in the Integrated Environmental Management procedure 
is the same irrespective of whether provision is made for some formal method of evaluation. In 
'\\ 
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other words, there are certain principles which should always be observed in undertaking an 
assessment, and then if a proposal is judged to be particularly significant and controversial, one 
can incorporate formal evaluation procedures as required. Since Chapter 5 presents a method of 
formal evaluation for controversial resource allocation proposals, the following discussion will 
be confined to an examination of the general approach to Environmental Impact Assessment 
when a formal evaluation procedure is not deemed necessary. 
Assessments Employing Informal Methods of Evaluation 
The assessment stage of Integrated Environmental Management begins when there is a 
clearly defined proposal to assess. Data acquired during the assessment stage may be expected 
to result in substantial modifications to the proposed action or its alternatives, and new, more 
promising alternatives may be discovered. In fact, the emphasis in Environmental Impact 
Assessment should always be on finding ways to reduce the undesirable effects of the proposed 
action to make it more acceptable to concerned parties, and the assessment stage is to be seen as 
a helpful, constructive process to assist proponents in accomplishing their objectives in an 
environmentally-acceptable way. Perhaps the vast majority of conflicts in e·nvironmental 
decision making can be significantly ameliorated, or even completely resolved, through 
compromise and mitigation. The Environmental Impact Assessment can play a vital role in 
attaining this much desired result by providing information needed to understand the full 
biophysical and socioeconomic consequences of proposed actions, and by suggesting more 
acceptable alternatives or remedial measures. 
To this end, as previously mentioned, there is an important feedback loop from the 
assessment stage to the proposal generation stage, and this loop should be activated whenever 
the assessment process reveals new information relating to the general viability or acceptability 
of the actions under consideration. Therefore, it is important that the assessment team has ready 
access to the planning team so that as potentially significant adverse impacts are identified, the 
planners have an opportunity to either present a new proposed action or modify the original 
proposed action to avoid or mitigate these impacts. 
If the proposed action is determined by the screening procedure to be a Class 1 proposal, 
then public and authority scoping are to be initiated at the outset to identify the major issues that 
should be addressed, and solicit suggestions as to what other alternatives should be considered in 
the Environmental Impact Assessment report. Every attempt should be made to fully 'involve all 
affected publics, and give concerned parties ample opportunity to voice their concerns and state 
what other alternatives should be considered. 
Ideally, the Environmental Impact Assessment process will be guided by a scoping 
committee consisting of persons who represent authorities with some jurisdiction or special 
expertise; this committee should be convened whenever there is some change to the proposed 
action, or whenever some major obstacle to its acceptability is discovered. The principal 
function of this committee is to provide a forum for continuous, interactive assessment of the 
environmental acceptability of various aspects of the proposal as new information is obtained 
that may change the nature of the proposal or its impacts, and as major decision points are 
reached. This committee can play a vitally important role in improving the proposal by 
developing cost-effective compromise and mitigation measures that actually become an integral 
part of the proposal before the environmental report is completed. 
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A Class 1 Environmental Impact Assessment is concerned with accomplishing a number of 
specific tasks. A Class 1 assessment obviously will require more time and effort than the other 
two classes.4 In order to conduct a thorough environmental assessment of major proposals, it is 
necessary to 
• develop a·n understanding of the specific actions associated with the proposed action and 
alternative actions, 
• become familiar with the nature and sensitivity of ~nvironmental elements that could be 
affected, 
• identify all potential linkages between these actions and the affected environment, and 
• identify the groups who might be differently affected by these actions. 
This makes it possible to forecast and clearly define the potentially significant impacts, both 
beneficial and adverse, that might be expected to result from implementing the proposed action. 
Once they have been identified and defined, specific investigations are then required to elucidate 
the nature and extent of these impacts. 
The general tasks of Environmental Impact Assessment are to describe: 
• the purpose and need of the proposed action; 
• the affected environment; 
• alternatives to the proposed action; 
• specific activities that would be involved for each of the actions under consideration; 
• the social groups that would be diff erently~fected by the actions under consideration; 
""""" 
• the possible impacts (both beneficial and adverse) of the actions under consideration; and 
• ways to mitigate adverse impacts and enhance beneficial impacts. 
In addition to information pertaining to these topics, the environmental impact report is 
expected to present background information needed to interpret and judge the quality of the 
assessment, such as the history of the proposed action, the identity of the proponent(s) and the 
decision maker(s), the identity of the assessors and their consultants, a description of methods 
and techniques used to gather primary data, an accounting of sources of secondary data, and a 
list of general references. 
There are a wide range of procedures, methods and techniques that can be used to 
accomplish the aforementioned tasks of Environmental Impact Assessment (see Appendix A). 
The following discussion will focus on describing the general nature of each task, indicating very 
briefly what is to be accomplished, and why. 
Descrivtion of Purpose and Need 
A clear explanation of why the proposed action IS needed, and what it Is intended to 
accomplish, is necessary for two reasons: 
• to educate parties who might oppose the action, and so achieve greater understanding (and 
perhaps acceptance); and 
• to make it possible to identify rational alternatives to the action. 
4 Essentially the same tasks are addressed in Class 2 and 3 Environmental Impact Assessments, but in much less 
detail. 
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Descriotion of Affected Environment 
All aspects of the environment which could be affected by any of the actions under 
consideration are to be described in sufficient detail to convey an accurate impression of the area 
that will be affected and the vulnerability of the environment. The discussion is to cover both the 
biophysical and socioeconomic environments; this would include (but obviously not be limited 
to) such aspects as the following: 
• geographical location and principal features 
• climate 
• topography and soils 
• vegetation and wildlife 
• population 
• history 
• economy 
• transportation patterns 
• forms of government and identity of administrating authorities 
• land own.ership 
• land-use plans. 
Description of Alternatives 
In the case of public sector proposals, or private sector pr~posals involving ptibiic lands, all. 
reasonable alternatives for accomplishing the stated purpose and need for the action are to be 
identified and assessed in the same manner as the proposed action.5 If any major alternatives 
are rejected before being subjeeted to a detailed assessment (because, for example, they failed to 
meet some essential criterion or were withdrawn by proponents in favour of some other 
alternative), then the reasons for rejection should be given. 
Description of Activities Associated with Alternative Actions 
Each alternative action is to be described in sufficient detail to permit an adequate 
understanding of the nature and extent of those activities which could give rise to adverse 
environmental impacts. A new airport near a built-up area could involve, for example, building 
perimeter fencing, erecting lighting stanchions, excavating surrounding terrain, establishing 
borrow sites, erecting communication antennas, and building access roads. 
Description of A f(ected Groups 
The different interest groups or potentially concerned parties that could be differently 
affected by any of the proposed actions are to be identified, geographically located and 
described. For each social group, specific interests or potential concerns related to the actions 
under consideration are to be defined to the satisfaction of spokesmen for (or representative 
members of) the groups concerned. 
5 Private sector proponents should always be encouraged to consider viable alternatives for meeting the purpose 
and need of a proposal in a more environmentally-sensitive way, and give reasons for rejecting these if they are 
not to be formally assessed. Public sector proponents should always consider at least one major alternative: the 
one that is thought to be least harmful to the environment. 
293 
Descriotion of the Potential Impacts 
The principal task of Environmental Impact Assessment is to forecast and describe, as fully 
as possible, the impacts that could result from each of the actions under consideration. 
Examples of the kinds of impacts that should be considered include impacts to: 
• air quality 
• water quality 
• solid waste 
• noise 
• biotic communities 
• rare and endangered species 
• rivers and estuaries 
• wetlands 
• floodplains 
• coastal zone features 
• historic and cultural resources 
• mineral resources 
• farmlands 
• protected areas 
• compatible land use 
• community cohesion 
• employment and economic activities 
• emergency services . 
Impacts are to be defined in such a way that it is clear how society or various social groups 
will be affected - the ultimate or "end" impact on social well-being (Abelson, 1976:244). The 
discussion of potential impacts is to include such considerations as the following: 
• whether the impact is regarded as positive or negative; 
• the precise nature of the impact; 
• the possible magnitude of the impact (or range of possible magnitudes) and probability of 
occurrence (or range of probabilities associated with different magnitudes); 
• the identify of affected parties, and the manner and extent to which they would be affected; 
• the timing and duration of the impact; 
• whether. the impact could give rise to higher-order impacts; 
• whether the impact could give rise to particularly signifieant risks; 
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• whether the impact is especially controversial; 
• whether the impact is irreversible; 
• whether the impact can be fully or partially mitigated . 
Description of Possible Mitigation Measures 
The Environmental Impact Assessment report is also expected to present suggestions as to 
how certain of the adverse impacts could be mitigated (and how some of the beneficial impacts 
could be enhanced), in the event that the decision maker wishes to impose any conditions on the 
proponent, or require an environmental management plan which specifies how the action is to be 
accomplished in an environmentally-sensitive manner. Under the general rubric of mitigation 
one can also discuss forms of compensation (either monetary or nonmonetary in nature) to 
individuals or groups that would bear an inordinate share of the impacts associated with the 
. action. As mentioned above, Environmental Impact Assessment is an iterative and interactive 
process, the principal object of which is to discover a form of the proposed action (or that of 
some viable alternative) that is generally acceptable and still achieves the original purpose and 
need of the proposal. This will usually entail some kind of compulsory mitigation. 
The impact Report 
Finally, when a draft report of the Environmental Impact Assessment is completed, an 
independent, impartial person or group should normally be asked to assess the report for 
adequacy and completeness. In addition, the draft report is to be given wide circulation for 
comment in order to ensure that all concerns have been heard, understood and addressed. The 
draft report is then amended in light of these comments before the final report goes to the 
decision maker. 
If agreement has been reached between all concerned parties as to what should be done, 
then the r.eport will constitute a record of how the pref erred action was identified. If no 
agreement can be obtained as to what con~titutes an acceptable proposal, then the report 
provides the decision maker (and other interested parties) with a thorough analysis of the 
proposed action and its principal alternatives, and the views of principal affected groups, so that 
a rational and more objective decision can be taken. A major object of the Environmental 
Impact Assessment report is to indicate which action is most acceptable in environmental terms, 
and to provide sufficient information to enable the decision maker to weigh environmental 
considerations against other factors and make a judgment as to which action is in the best overall 
interests of society. 
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APPENDIX I 
THE DECISION WHETHER TO OPTIMIZE OR SATISFICE 
Evaluations of major resource allocation proposals generally involve analyses that are both 
quantitative and qualitative. In recent years, resource economics has been shifting from an 
emphasis on quantitative analysis to a much more qualitative institutional analysis (Simon, 
1978:6). Traditional economics was based on a particular form of rationality that was directed at 
maximizing goals; this required a highly quanti~ative analysis of resource allocation options. But 
today, much economic analysis could be described as functional analysis, since the object is not 
necessarily to discover the optimal solution, but rather to discover options _which are functional 
because they contribute to certain goals. This means that analyses can be done without elaborate 
mathematical apparatus or marginal calculation; instead, much cruder and simpler arguments 
will often suffice to make judgments about preferences and apply evaluation criteria (Simon, 
1978). 
The object of resource allocation activity is to bring about an improvement in social well-
being, and the object of evaluation is to reach a decision that will result in improvement for a 
reasonable level of effort. Satisficing rests on a very simple form of causal analysis: practices or 
structures are judged to entail certain undesirable or desirable outcomes, and preferences are 
based on these judgments. The object of a functional analysis is to increase understanding of the 
potential consequences so these broad judgments can be improved. When parameters are 
unmeasurable or especially complex, this is a rational approach. The acceptance of qualitative 
analysis also makes it possible to address normative questions. 
Janis and Mann (1977) have stated that satisficing differs from optimizing in four ways: 
• fewer criteria or decision rules are applied; 
• there is a shorter search for alternatives, and fewer alternatives are generated; 
• there is less concern with ordering alternatives for testing and re-testing; 
• thresholds of acceptability are applied without weighting each criterion. 
The idea of satisficing, then, is to reduce time and expense in evaluation and decision 
making, and to lessen dependency on quantitative data and focus on procedures for handling 
complex qualitative data. But there is a continuum between satisficing and optimizing along 
these four variables, and it is possible to use mixed strategies (Janis and Mann, 1977). For 
example, the concept of "incrementalism" or "muddling through" refers to making progress 
toward optimization through a series of satisficing decisions, the process which politicians often 
use to resolve conflict by slowly and cautiously settling problems (Bjorkman, 1987:31). "Mixed 
scanning" refers to a synthesis of optimizing on major aspects and satisficing on minor aspects of 
a decision or series of decisions, so that subservient decision problems receive Jess formal 
treatment. Another approach is called "quasi-satisficing", which involves using a single over-
riding decision rule (such as efficiency) which is thought to always result in a superior solution, 
but this can lead to error since minimal gains in one criterion may be more than off set by losses 
in another. 
Both satisficing and optimizing are obviously concerned with improving resource allocation 
decisions, but whereas optimizing is concerned with maximizing· behaviour, satisficing is 
concerned with finding solutions that only approximate the optimum. These objectives may 
seem similar, but the difference is crucial in dictating the approach to evaluation that should be 
used. The big question is: When is it appropriate to try to optimize, and when should one simply 
satisfice? 
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The usual answer to this question is that the choice depends on the perceived importance of 
the problem, and the nature, extent, availability and cost of information: if the data that are 
needed to make an important resource allocation decision can be expressed in quantitative 
terms, and can be obtained and processed at a reasonable cost, then one should optimize; 
other~ise, one should simply satisfice (Coombs et al., 1970; Janis and Mann, 1977; Simon, 1978). 
The satisficing model makes sense only in those situations where the process of searching for a 
full range of viable alternatives and evaluating the outcomes is either unfeasible or too costly -
otherwise, why should one stop the search on finding a satisfactory alternative instead of looking 
for a better one (Coombs et al., 1970:143)? But in reality, data limitations and cost constraints 
often do, in fact, preclude further search; in addition, processing considerations suggest that as 
the information load increases, people tend to replace a maximization criterion, requiring an 
exhaustive examination of alternatives, by a criterion that is easier to apply, such as satisficing 
(Coombs et al., 1970:163). 
For example, Decision Analysis and related methods (see Appendix D) are based on the 
premise that distinct and well-defined outcomes pertaining to probabilities and utilities can be 
formulated in the evaluation of choices. But this is often not the case when the situation is 
profoundly complex (Fischhoff et al., 1982), and great complexity is typical of major resource 
allocation proposals. Bjorkman (1987:29) says that ill-defined problems, cognitive limitations 
and nondistinct outcomes - which characterize many pollution and resource destruction 
problems - make the subjective estimated utility model and its relatives fairly useless as a norm 
for practical decisions. The same might be said of any formal method of evaluation which 
involves an attempt to simplify the complexity of the real world and to quantify qualitative data 
which are usually regarded as unmeasurable. Perhaps the classical conception of rationality is 
completely unrealistic and should be replaced by a less demanding form which recognizes the 
limits of one's ability to obtain and process information (Coombs et al., 1970). 
Yet one could argue that quantitative methods are still important in highly complex 
problems and when qualitative data are to play a preponderant role, because the quantitative 
approach forces one to undertake a systematic and explicit analysis, and treat whatever data are 
available in a more rigorous and objective manner (Ribe, 1982:69). This suggests that it is 
sometimes desirable to employ quantitative methods in an attempt to optimize, even in the 
absence of clearly-defined problems and outcomes, and when there is no objective way to 
measure the salient data, and even when few resources are available for conducting an analysis. 
In fact, one can never really optimize anyway, but only attempt to optimize. So the choice is 
actually between satisficing and attempting to optimize; but there is still an important difference 
between these two objectives which dictates very different approaches to the development of 
appropriate evaluation procedures. Satisficing is based on political rationality and employs 
informal methods of evaluation to inform negotiation and produce compromises which will 
constitute an acceptable solution to the problem; optimizing is based on economic rationality and 
. employs formal methods of evaluation designed to objectively identify - as far as is possible - a 
solution that is close to optimum (see Political Rationality vs. Economic Rationality in Chapter 
3). 
All possible solutions to any resource allocation problem may be thought of as existing 
along a continuum from most satisfactory ("optimum") to least satisfactory. The methodological 
problem is to determine how much effort and expense should be spent on finding a !!!..Q!.S< 
satisfactory (or even the optimum) solution. While the answer depends partly on how important 
the decision is perceived to be, how much information is believed to exist, and what the cost of 
this information is likely to be, it is suggested that an overriding consideration is whether the 
choice is expected to be highly controversial. If great controversy is anticipated, then there 
should always be an attempt to optimize; if not, then it is permissible (if other considerations 
dictate) to satisfice. 
To sum up, it is recommended that resource managers, especially in developing countries, 
should adopt the satisficing rationale for evaluating resource allocation proposals, with one 
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exception: when the anticipation of great controversy dictates an optimizing approach. In 
addition, an environmental evaluation methodology should provide not only for the easier 
(satisficing) criterion, but should also provide a simpler and less costly way to apply the 
optimizing criterion than that which is currently provided by Decision Analysis and other 
methods based on subjective expected utility. 
The environmental evaluation methodology presented in this dissertation is based on a 
conceptual scheme which takes cognizance of both maximizing and satisficing principles, and 
provides for two very different approaches to evaluation and decision making, depending on the 
level of controversy and (by implication) significance associated with the resource allocation 
problem. Accordingly, if there is no significant amount of controversy surrounding a proposal, 
then informal evaluation procedures are normally to be utilized; alternatively, if there is (or is 
expected to be) great controversy, then formal evaluations are always to be conducted, using 
whatever resources that are available and seem reasonable to expend. The rationale is that 
controversial resource allocation proposals should be subjected to ~ attempt to optimize, 
even though data and procedures may not meet an ideal set of conditions, in order to reduce 
conflict and pave the way for acceptance of the decision. 
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APPENDIXJ 
THE ARGUMENT FOR ADOPTING A GROUP EVALUATION PROCEDURE 
One of the first questions that must be addressed in developing a formal evaluation 
procedure is: who should do the evaluating? Possible answers include: 
• Those with decision making authority. 
• Assessors e~ployed by those with decision making authority. 
• All persons who would be affected by a.proposed action. 
• Representatives of the major groups of persons who would be differently affected by a 
proposed action. 
• A group of neutral persons whose judgments would be respected by all concerned parties. 
Ideally, all of these groups would be involved, to a greater or lesser extent, in the evaluation 
process. The practical problem is to establish the respective roles of these various groups, and 
utilize their input in a way that is mutually acceptable and involves a level of effort and expense 
that seems appropriate to the situation. For major, contentious issues, as a general rule, it would 
be desirable to always employ a group of neutral persons, survey all (or a sample of) affected 
parties or their representatives, and give their combined input to those with decision making 
authority. But what often happens is that decision makers act alone, or with the advise of their 
employed analysts and advisors, and the others are either left out or consulted in a haphazard 
way or involved after polarization has developed (and even then in a confrontational manner). 
Advantages of Impartial Group Evaluations 
A formal evaluation technique for judging the relative significance of impacts can, as 
mentioned earlier, be applied by the decision maker himself or by a committee of persons who 
share decision making responsibility, but because such persons occupy a special position in 
society they may have too narrow a perspective and may not share (or be sufficiently familiar 
with) the value systems of their constituencies. In addition, they will usually lack specialized 
knowledge and expertise in fields that are relevant to some of the issues and trade-offs to be 
evaluated. Finally, there is evidence that individuals are often inconsistent in their preference 
orderings and other judgments (Kahneman and Tversky, 1984; Tversky, 1969 and 1977; Tversky 
and Kahneman, 1981), and that people sometimes even choose to believe something that is not 
true even though they are judged to be informed and rational individuals (Akerlof and Dickens, 
1982). 
Other problems associated with individual evaluations include motivational limitations 
(such as misperception of patterns and selective attention due to wishful thinking), and selective 
problem formulation and selective use of data (Miller, 1985). Individual judgments are subject 
to a large number of biases (Spangler, 1980), and a group evaluation procedure may therefore be 
judged more trustworthy than procedures based on individual evaluations, particularly if there is 
some feedback mechanism to dampen cognitive dissonance. 
A group evaluation procedure could be applied by representatives of the groups which will 
be affected by the decision, but then i.t is difficult to obtain a fair and impartial evaluation. 
Although direct public participation is greatly to be desired in the exploration of environmental 
resource allocation issues, most individuals who would be sufficiently motivated to participate 
will probably have some personal interest in the outcome and therefore be biased to some extent 
in respect of the alternatives to be evaluated. Individuals with interests at stake will tend to 
L----------------·- - . 
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consciously or unconsciously manipulate the evaluation procedure to their advantage. In 
addition, there are practical limits on the extent to which affected publics are willing to be 
involved (due to other demands on their tiine) or can be involved (due to the lack of financial 
resources to conduct broad scale evaluations), particularly in the complex but all-important task 
of evaluating the social significance of environmental changes. 
To accomplish this crucial task, which requires an open mind and a certain amount of 
detachment, as well as careful study and deliberation to attain an intimate familiarity with the 
issues and make judgments with some confidence, it is preferable to seek out respected persons 
representative of all points of view in society at large but who have no personal or vested interest 
in the outcome, and invite these individuals to serve on an evaluation panel. It is maintained that 
better value judgments may be obtained from panels comprised of individuals with diverse and 
specialized experience, and who possess relevant knowledge, or have demonstrated some special 
ability or earned the respect of society, provided that the individual members are unbiased with 
respect to the proposals at hand. It is therefore recommended that the scaling technique and 
some of the other tasks of the formal evaluation method should be applied by a group of 
individuals who represent a number of disciplines, have different backgrounds, and are 
perceived to be impartial in respect of the outcome. 
The Potential Accuracy of Group Evaluations 
Since all persons have somewhat different value systems and can be expected to differ in 
their value judgments, and since it is not possible to say that one person's value judgments are 
correct while the value judgments of all other persons are incorrect, it seems reasonable to 
employ some method of aggregating individual value judgments to arrive at an acceptable 
measure of social value. There is considerable evidence that combining the judgments of 
individuals can produce a more accurate estimate than can be expected of any single individual, 
and is almost always more accurate than the average estimate, and is sometimes better than th·e 
estimate of the best judge. Armstrong (l985:135) cites an early example of research into this 
interesting phenomenon: 
Gordon ( 1924) had college students rank weights that they lifted; these rankings 
were then compared to the true order, and the average correlation for 200 judges 
was found to be .41. By averaging the rankings of any five random judges at a 
time, she obtained 40 combined rankings; the average correlation between the 
true ranking and the combined ranking was .68. Combined estimates were also 
obtained from groups of 10, 20, and 50 judges, and the correlations rose to .94 for 
the largest group. Similar results were obtained for judgments of such things as 
the temperature of a room, the number of items in a bottle, and the number of 
buckshot. 
Hill ( 1982) has undertaken an extensive review of group versus individual performance in 
matters of judgment and found that group performance is generally quali~atively and 
quantitatively superior to the average individual, but often inferior to the potential suggested in 
a statistical pooling model. This suggests that it is important to find ways to tap the potential of a 
group by examining the variables that affect group process. Hill therefore advocates that the 
group should always be comprised of high-ability members, and that procedures should be 
adopted which contribute to process gain through capacity to learn and cognitive stimulation. 
Although it is not possible to demonstrate the accuracy of group evaluations of data which 
cannot be verified through objec~ive measurement, or to measure the "correctness" of value 
judgments (Dalkey et al., 1972:55), perhaps it is reasonable to believe that if the truth cannot be 
objectively determined, and if individuals disagree as to where the truth lies, then some kind of 
group vi~w is a potentially more accurate determinant of truth and a more trustworthy guide to 
action. 
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The Requirements of a Group Evaluation Procedure 
A major consideration in developing a group evaluation procedure is to achieve a 
satisfactory assessment of social value at a reasonable cost. A cost-effective evaluation 
procedure must be practical, adaptable, and easy to understand and apply. It must also provide 
acceptable results, and do this consistently, and there should be general consensus as to the 
usefulness and validity of the procedure. A major test of the utility of any formal procedure is 
simply whether practitioners and reviewers believe it works; i.e., provides a reasonable and 
useful result. Such a belief, in turn, depends largely on two things: whether the procedure 
appeals to common sense, and whether it is capable of producing replicable results. 
It may seem highly unlikely that evaluations conducted by two heterogeneous groups could 
result in judgments that are highly correlated. Every individual has a set of attitudes, beliefs, 
opinions, and personal goals that differs from that of every other individual, and so every 
individual can be said to have a unique value system. Therefore, while there may be considerable 
agreement amongst individuals as to whether specific impacts from some proposed action will 
have a positive value or a negative value, it is not surprising that there can be considerable 
disagreement as to the relative significance of these impacts. There are also understandable 
differences in the way in which different individuals would weight the three evaluation criteria of 
efficiency, equity and sustainability (see Defining Evaluation Criteria in Chapter 4). 
The reason that individual value systems differ is that each individual has had limited and 
different experiences in life and has a unique genetic make-up, both of which influence his 
interpretation of these experiences (Wilson, 1978). Because of this, everyone has incomplete 
knowledge of the human condition and life's potentialities, and it is not reasonable to assume 
that anyone has sufficient knowledge and experience to have developed a value system which is 
superior to all others; even assuming the existence of such a value system, there is no objective 
way to recognize or identify it. 
Nevertheless, most people would agree that some individuals demonstrate better judgment 
and possess greater wisdom than others, and it seems reasonable to assume the existence of a 
universal set of human values which all individuals would recognize if they could share their 
accumulated knowledge and experience (Dalkey et al., 1972). In addition, although each 
individual is naturally inclined to put his own, immediate interests (or the interests of his group) 
before the broader, long-term public interest, most people can distinguish the difference, and it 
is possible to focus attention on what would be in the best interests of society as a whole by using 
some conceptual artifice like the Rawlesian "veil of ignorance" (Daly, 1987:329; Kneese and 
Schulze, 1985:203; Page, 1977:203). 
It may be concluded therefore that the principal requirements of a group evaluation 
procedure are as follows: 
• The group should be interdisciplinary and heterogeneous in composition. 
• The group should be comprised of respected persons who are considered knowledgeable 
about the human condition and impartial as to the outcome of the evaluation. 
• The cost of conducting the procedure (in terms of time, money and manpower) should be as 
low as possible. 
• The procedure should be satisfying to participants and acceptable to decision makers and 
other interested parties. 
• The procedure should include mechanisms for enhancing group process and minimizing bias 
and cognitive dissonance. 
• The capability of the procedure to produce replicable results should be demonstrated. 
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APPENDIXK 
SUMMARY OF GROENRIVIER ANALYSIS 
The major tasks of the Groenrivier study were as follows: 
• identify the major alternatives to be evaluated; 
• identify the principal groups that would be differently affected by each alternative; 
• identify the impacts associated with each alternative; 
• judge the relative significance of each impact; and 
• determine the relative social value of each alternative. 
The project coordinator identified the alternatives, the groups that would be affected, and 
the impacts that would result from each alternative. An evaluation panel then judged the 
significance of the impacts. The panel first ranked the impacts on . each list in order of 
importance, and then judged the relative importance of the impacts on each list. After this, the 
panel's judgments were used by the project coordinator to assess the efficiency of each option, 
and to identify the option which appeared to have the highest net social value (considering both 
efficiency and equity criteria). The following sections illustrate how these analyses were 
conducted. 
Efficiency Analysis 
Three pairs of mutually exclusive land-use options were considered by the panel. These will 
be discussed in turn. 
Beach/surf Mining and Stock Farming vs National Park 
The net monetary benefit of the beach/surf mining proposal (see Appendix LL) and stock 
farming proposal (see Appendix MM) was added to the net monetary cost of the national park 
proposal (see Appendix NN) to provide a contingency price against which the nonmonetizable 
costs of beach/surf mining and stock farming (including foregone opportunities associated with 
the national park) could be compared. At a 10% discount rate, the excess monetary benefit of 
mining and farming totalled R22,348,000; the question is whether the value of 15 nonmonetizable 
costs exceeds the value of this monetary benefit (see Appendix 00). This question is difficult to 
answer because of the indiscriminate lumping of 15 dissimilar outputs for comparison with a 
single sum of money. But with the panel's assessment of the relative value of these costs, each 
could be compared against a given proportion of the excess monetary benefit associated with the 
mining and farming option. 
For example, the most significant nonmonetizable cost of exercising the mining and farming 
option, according to the panel's judgment, would be losses to the area's pristine or wilderness 
quality. Since this cost was determined to constitute 12,9% of the total value of all 
nonmonetizable costs associated with this option, a contingency price of R2,883,000 could be 
calculated for this cost. The decision maker can then deal with a much simpler question: would 
reductions in the pristine or wilderness quality of this coastline be offset by the gain of 
R2,883,000? If the decision maker answers "Yes'', and he is prepared to accept the panel's 
estimate of the relative significance of the costs, then the mining and farming option is more 
efficient than the national park option. 
The project coordinator argued that this was not the case, and suggested that the value of 
maintaining the pristine or wilderness quality of this area, which is perhaps the only significant 
stretch of the western coastline that is still relatively untouched, is worth R2,883,000 over such a 
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long time period (50 years) to the South African people. If this is accepted, one must then 
consider any nonmonetizable costs associated with the park. There are two: (1) local farmers 
and their families would be displaced,and (2) visitors would no longer be able to exploit certain 
resources in the area. Since the future viability of farming in this area is in serious doubt, and 
since unchecked exploitation could soon deplete available resources, consideration of these costs 
would not alter the above conclusion. 
It may be that the decision maker would wish to evaluate the contingency price(s) of some 
cost(s) other than the one judged most significant by the panel. For example, if the decision 
maker chose to assess the cost of losing the opportunity to provide hiking trails and other 
recreational benefits, he would compare this cost to a contingency price of Rl,475,000 (6,6% of 
R22,348,000). Since it is difficult to assess the value of a stream of recreational benefits 
extending 50 years into the future, and since the future value of these benefits can be expected to 
increase relative to mining benefits, the decision maker can consider what the initial year's 
recreational benefit would have to be so that the present value of the stream of benefits would 
equal Rl,475,000 (see Dynamic Opportunity Cost Valuation in Chapter 3). 
For example, if it is thought that the price of recreational benefits will increase 5% per 
annum, and the quantity demanded at the given price will increase 10% per annum, then the 
present value of one Rand's worth of initial year's recreational benefits, discounted at 10%, is 
Rll6.60 (see Appendix BB). This means that the value of the initial year's recreational benefit 
required to equal the contingency price is approximately R12,700. If the value of a visitor day is 
estimated to be R50 (Ulph and Reynolds, 1980:120) then the number of visitors required to equal 
the contingency price is 254. Even allowing for the necessity of considering the nonmonetizable 
costs of displacing farmers and restricting exploitation of coastal resources, the project 
coordinator felt that it was reasonable to conclude that the park would generate enough 
recreational benefits to make this option more efficient than that of mining and stock farming. 
General Recreation and Stock Farming vs National Park 
The net monetary benefit of general recreation and stock farming, using a 10% discount rate 
over a 20-year time horizon, was calculated to be R165,000. (This estimate is based on shadow 
prices obtained for recreational benefits in the area.) This assumes that present levels of 
recreational use, willingness to pay, and maintenance costs will hold for the next 20 years, and 
stock farming will continue at a roughly break-even level. 
The cost of establishing and operating a national park over this 20-year period, using a 10% 
discount rate, was estimated to be R4,993,000. This assumes the cost of acquiring land will be 
Rl, 700,000 and the new park will have a pattern of growth in expenditures similar to that 
experienced as Tsitsikamma Park over the past two decades (adjusted for inflation). 
If the net monetary benefit of general recreation is added to the monetary cost of providing 
a national park, a contingency price is obtained for the foregone benefits of the park). This 
figure is R5,149,000. The most significant of the nonmonetizable costs in the panel's judgment 
was the foregone opportunities for hiking and other recreational benefits for the national 
population (see Appendix 00), which was determined to constitute approximately 22% of the 
value of all nonmonetizable costs associated with maintaining the status quo. If the decision 
maker accepts the panel's judgment as to the relative significance of these costs, then attention 
can be centered on this question: Would the foregone opportunities to enjoy a system of hiking 
trails and other recreational benefits associated with a national park and marine reserve be 
offset by a gain of Rl,133,000? If the answer is "Yes", then the general recreation and stock 
farming option is more efficient than the national park option. 
The project coordinator argued, however, that it seems reasonable to conclude that enough 
members of the South African population would receive sufficient benefits from a system of 
hiking trails and other park-related recreation opportunities over this 20-year period to 
compensate society for the loss of Rl,133,000 plus bearing the nonmonetizable costs associated 
with the park. These costs are as follows: 
• 
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about 20 farmers and their families would be displaced - but this is a marginal farming area 
and local farmers may soon be forced to move anyway; 
• visitors would no longer be allowed to exploit natural resources - but if exploitation is not 
checked resources may soon be exhausted; 
• the descendants of focal recreationists will be deprived of the semi-exclusive use of this 
traditional holiday area - but it is likely that more outsiders will begin frequenting the area 
and they might then prefer a national park convenient to their homes; and 
• people who prefer "undeveloped" holiday areas will lose another relatively unspoiled area -
but it is no longer possible to cater for any significant number of these people. 
It could be argued that since general recreational use does not foreclose any options, it 
would be more efficient to def er proclamation of a park until demand was stronger for park 
benefits. However, there is a significant possibility that development pressures could arise 
which would lead to a transformation of the area, rendering it less suitable for park status. 
Because the demand for parks can be expected to increase relative to general recreational use, 
establishment of a national park is almost certain to be the more efficient land-use option in the 
long term. 
Beach/surf Mining vs General Recreation 
The net monetary benefit of beach/surf mining using a 10% discount rate over a 20-year 
time horizon was calculated to be R15, 148,000. Since the net benefit of general recreation was 
-calculated to be R156,000, the excess monetary value of beach/surf mining is R14,992,000. The 
panel assessed the relative value of 12 nonmonetizable costs associated with beach/surf mining 
(see Appendix 00), and determined that 16% of their total value was attributable to the loss of 
natural beauty in the area due to physical alterations in the landscape by mining activities. The 
contingency price for this cost is therefore R2,399,000. If one accepts the panel's assessment as 
to the relative significance of this cost, the central question is whether society could be 
compensated for this loss of natural beauty by receiving R2,399,000. If the decision maker feels 
this amount of money would be adequate compensation, then the mining option is more efficient. 
But the project coordinator argued that it seems reasonable to assume that as recreational 
resources become congested in other parts of the western Cape, the recreation catchment of the 
Groenrivier area will grow substantially and that even today potential users of the resource 
would require more compensation than R2,399,000 for accepting the loss of natural beauty along 
this 75 km stretch of coastline.6 If this is true, then one must consider the nonmonetizable costs 
of the alternative, using the area for general recreation. Choosing this option over the mining 
option would mean foregoing opportunities for creating employment related to mining 
operations (an estimated 100 jobs) and stimulating the local economy (particularly in the Garies 
region). However, these are not likely to be significant since few unemployed resources would 
be used (many of the jobs are skilled or semi-skilled and would simply involve a transfer of 
resources from one sector to another), and since little additional trade would be created in the 
local area. It might be concluded therefore that the nonmonetizable costs of mining outweigh its 
large excess monetary value, and that the alternative - general recreational use - is more efficient 
even though the net monetary benefit is very small. 
6 The reasoning here is that although non-locals would prefer the national park to general recreation, and 
that present regional willingness to pay for general recreation would be nil, if the choice is between beach/surf 
mining and general recreation. then future willingness to pay for general Tecreation will be adequate to meet the 
calculated fractional contingency price. 
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Conclusion 
An analysis of contingency prices for the options with excess monetary value indicates that 
the value of the nonmonetizable costs associated with these options outweighs the value of their 
benefits. Following is a summary of the results: 
• A national park would be more efficient than beach/surf mining. 
• A national park would be more efficient than general recreational use. 
• General recreation use is likely to be more efficient than beach/surf mining. 
The project coordinator concluded that the most efficient land-use option would be the 
establishment of a national park and marine reserve. 
Analysis of Distributional Consequences and Evaluation of the Efficiency-Equity Trade-
off 
A development which is judged to be socially efficient may not be socially desirable if it 
results in an inequitable distribution of costs and benefits. Decision makers need to weigh the 
net benefit of an option against the distributional consequences of that option. If an action is 
only marginally efficient but grossly inequitable, it may be judged socially undesirable. 
Therefore after the efficiency analysis was done, the project coordinator analysed the 
distributional effects of the alternatives in order to arrive at a final determination as to which 
one had the highest net social value. The following discussion is based on the project 
coordinator's analysis of the distributional consequences of the three land-use options as 
presented in Box 4.1 of Chapter 4. 
The national park option offers benefits to far more people than the other two options, but 
imposes costs on a few small groups. Costs to shareholders and employees of De Beers may not 
be considered very significant since other investment and job opportunities are available 
elsewhere, and this group would not actually be giving up something which has been a source of 
satisfaction. Costs to casual visitors are also relatively inconsequential since such visitors appear 
to be few in number and most of these individuals would probably prefer visiting a national park 
than visiting an increasingly crowded general recreation area. The most significant costs would 
be borne by the 20 farmers and the 300 local residents who visit the area regularly. 
The farmers would bear the heaviest costs since they would be required to leave their homes 
and may be forced to move out of the area and find new farms or occupations. Monetary 
payments may not be adequate to compensate these people for suffering these costs. However, 
one must take into consideration the fact that only 20 families are affected, and silice this area is 
not very suitable for farming, these families may soon face economic dislocation in any case. (In 
addition, most of the farmers are tenants of De Beers, which could withdraw the land at six 
months' notice to start new mining operations.) 
Some of the 300 local residents who presently use the area would also suffer significant 
costs because they would not consider national-park facilities to be an acceptable substitute for 
their traditional holiday site. (It is perhaps questionable whether their descendants would prefer 
the undeveloped site to a national park, but this may indeed by the case.) Some of these people 
might be able to find alternative holiday sites which are suitable, but others would probably have 
to stay home or have less satisfactory holidays. 
The large and diverse group which would benefit from the establishment of a national park 
do have alternative areas for satisfying their interests', but as their number grows these will 
become increasingly inadequate. It may be argued that to deprive such a great number of people 
of the many conservation and recreation benefits this area could provide is, in the long run, even 
more inequitable than the costs which would be imposed on much smaller groups by proclaiming 
a national park. 
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In conclusion, general recreational use appears to be a more equitable land-use option than 
beach/surf mining because it would provide for the holiday wants of local residents, and the 
significance of the area to this group would seem to outweigh its significance to the well-being of 
De Beers shareholders and prospective employees. However, the establishment of a national 
park could eventually (or even now) be of greater importance to a much larger number of people 
than the 300 + who would benefit from general recreational use. Therefore, the most equitable 
land-use (at least in the long term) would appear to be the one which is also most efficient, viz. a 
national park and marine reserve. 
If this assessment of the distributional consequences of the three land-use options is 
accepted, then there is no ambiguity as to how the options should be ranked, since the same 
ordering was obtained for the efficiency criterion. The options can now be ranked according to 
their net social value: 
1. National park and marine reserve. 
2. General recreation and stock farming. 
3. Beach/surf mining and stock farming. 
In light of this conclusion, the project coordinator recommended adoption of the national 
park and marine reserve. 
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APPENDIXL 
RESULTS OF THE CONTINGENT VALUATION SURVEY AND THE KRUTILLA 
ANALYSIS IN CASE STUDY 4 
Introduction 
The Contingent Valuation Survey technique (U.S. Water Resources Council, 1980) is one of 
the shadow-pricing techniques based on the willingness to pay concept (see Shadow-pricing 
Techniques in Chapter 3). This technique provides estimates of values for goods by using 
simulated markets. This permits the calculation of prices for unpriced values and thus clarifies 
the 'true trade-offs that are involved. The technique consists of asking individuals who are 
representative of the affected population a series of questions to determine their maximum 
willingness to pay for a given quantity of the non marketable good (in this case, the special values 
associated with preserving varying amounts of the Kogelberg State Forest). 
Another useful evaluation technique is that developed by Krutilla et al. (1972). This 
technique projects shifts in the relative value of specific costs and benefits over time (see 
Dynamic Opportunity Cost Valuation in Chapter 3). Since some benefits may be expected to 
depreciate over time while other benefits may appreciate over time, it is necessary to forecast 
changes in relative value over some period which seems appropriate if these changes are judged 
likely to be significant. This procedure involves making projections of scarcity value based on 
different assumptions about changes in such variables as technological advance, availability of 
substitutes, population growth, real income, mobility, and leisure time. 
The Contingent Valuation Survey 
A central question which the Directorate of Water Affairs wanted answered was whether 
water, consumers would be willing to pay higher costs for water in order to avoid or limit damage 
to the Kogelberg State Forest. It was decided to use the Contingent Valuation Survey technique 
to ask a representative sample of water consumers how much extra they would be willing to pay 
on their water bill every month to permit the Weir to be built in preference to the Dam, or to 
permit a Desalination works to be built in preference to the Weir. Since the Directorate of 
Water Affairs had indicated that its policy was to make the users of a water facility pay for the 
full costs of its provision, emphasis was placed on conducting a local survey. Nevertheless, since 
the Kogelberg State Forest was widely regarded as a national asset, and since the early 
implementation of desalination technology could be regarded as in the· national interest, it was 
thought appropriate to provide the Directorate with information pertaining to the willingness of 
water users in other parts of the country to pay for avoiding damage to part or all of the reserve, 
and to permit earlier development of desalination technology. Therefore, a national postal 
survey was also conducted. 
The local survey consisted of personal interviews with white households, randomly selected 
from communities in the region served by the Cape Town Water Undertaking, since this was the 
largest user group (and the one that would have to bear the brunt of increased water rates), and 
since the cost.s of surveying other groups would be excessive. The survey instrument was 
designed and tested by the project coordinator, and then third-year university students from the 
Department of Social Studies, at the University of Cape Town conducted nearly 200 interviews in 
the Greater Cape Town area. 
The interview procedure was to first explain, with the use of maps and visual aids, the 
alternatives and their implications, and then to ask the respondent (the head of the household) 
whether he would be willing to pay an additional Rl on his monthly water bill, along with all 
other water users, to subsidize the implementation of one alternative in preference to another. 
If the reply was "yes", then the respondent would be asked whether an additional R2 per month 
would be acceptable. The cost per month would continue to be raised in this fashion until the 
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respondent indicated that the amount required had reached an unacceptable level. If the 
respondent was unwilling to pay any additional amount on his water bill, questions were asked to 
determine whether this was because he did not value the area that would be conserved, or 
whether this was a protest response. 
For the nationwide postal survey, a standing consumer panel utilised by a private market 
research firm was employed. Members of the panel were paid by the firm to answer questions on 
a series of subjects every month. The panel consisted of 2,250 members and was considered to 
constitute a reliable cross-section of the adult white population of South Africa. 
A thorough explanation of the alternatives and trade-offs involved could not be 
communicated in the postal survey, nor could the iterative bidding procedure be employed. The 
choice between the Dam and the Weir was regarded as too complex and so was not presented. 
Instead, respondents were asked to indicate the maximum amount they would pay extra on their 
monthly water bill to provide funding for a Desalination works so that no water storage facility 
would be required in the Kogelberg State Forest. The survey was conducted twice, and in the 
second survey an additional question was provided to identify protest responses. 
The results of the local survey indicated that white households in the Cape Town 
metropolitan area were prepared to pay, orl average, an additional R3.43 per month on their 
water bill to save a portion of the Kogelberg State Forest by building the Weir instead of the 
Dam, or an additional R4.07 per month to preserve the entire Kogelberg State Forest by 
financing Desalination. Since the average household consumption had been estimated to be 184 
cubic metres per year, this meant that consumers were, on average, willing to pay an extra 22 
cents per cubic metre for the Weir, and 27 cents per cubic metre for Desalination. Estimates of 
the average cost from all sources, if 104 million cubic metres of water per year were to be 
obtained from the Weir rather than the Dam, had been calculated to be an extra 1 cent per cubic 
metre (37 cents vs. 36 cents); if this amount of water were to be obtained from Desalination 
rather than the Dam, it would cost an extra 30 cents per cubic metre (66 cents vs. 36 cents). This 
meant that the focal population had expressed sufficien(willingness to pay for the Weir over the 
Dam (22 cents per cubic metre instead of only 1 cent), but insufficient willingness to pay for 
Desalination over the Dam (27 cents per cubic metre instead of the necessary 30 cents). 
Therefore, the Dam was judged to be marginally more efficient than Desalination, but the Weir 
substantially more efficient than the Dam. 
The results of the nationwide postal survey indicated that white households across the 
country were prepared to pay, on average, an additional R7.29 on their monthly water bill to 
finance early implementation of Desalination and preserve all of the Kogelberg State Forest. 
Since there were an estimated 1,3 million white households in South Africa, their combined · 
willingness to pay for a Desalination facility in the Cape that would provide 104 million cubic 
metres per year amounted to an estimated R113,724,000, compared to the R31,200,000 that 
would be required to pay the additional cost of 30 cents per cubic metre. Since the necessary 
willingness to pay would be only R2.00 per month, and the expressed willingness to pay was 
R7.29 per month, Desalination was judged to be more efficient than the Dam if water consumers 
in all parts of the country were allowed to subsidize the extra cost. 
There were some difficulties with the Contingent Valuation Survey. Not all water users 
were included in the sample design (e.g., industrial concerns, non-white households) because of 
budget limitations. Also, in an attempt to reduce costs, student interviewers were used and they 
proved to be somewhat unreliable. In addition, it is questionable how well the respondents 
und~rstood the complex nature of the trade-offs before undertaking the bidding procedure 
(anticipation of this problem is one reason why a Delphi evaluation was also done), and the 
postal respondents had even less information and could not use a bidding procedure so that the 
quality of their judgments are also suspect. 
Finally, there is a fundamental difficulty with the concept of asking a person's hypothetical 
willingness to pay for somet.hing without reference to other hypothetical demands on his budget. 
Such judgments about particular trade-offs, considered in isolation from other plausible trade-
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offs, would have a consistent bias toward overvaluation; for example if a person is asked his 
willingness to pay to achieve each of a number of objectives, the average figure is likely to be 
higher if each is considered independently rather than all simultaneously. Nevertheless, the 
survey gave some useful indications of public attitudes and values that would have otherwise not 
be obtained, and the respondents were motivated to answer truthfully because they understood 
that the results of the survey could influence the decision and they would actually have to bear 
the costs (i.e., higher water bills or conservation losses). 
The Krutilla Model 
Since the relative importance of fynbos conservation and conventional water storage 
facilities could dramatically alter in the next few decades, and since the monetary costs of 
Desalination would be much greater than the monetary costs of the Dam, it was considered 
appropriate to supplement the results of the Contingent Valuation Survey with a range of 
estimates of the dynamic opportunity costs associated with the Dam. A computer model for 
calculating the possible magnitude of these dynamic opportunity costs was developed following 
the approach adopted by Krutilla ~ (1972).7 
Since the choice of discount rate and changes in variables affecting rates of technological 
advance and demand for conservation benefits are matters of personal judgment, a range of 
values was supplied so that the decision maker could select those which he feels are most 
appropriate. This information was presented in a series of tables so that the decision maker 
could easily determine the initial year's willingness to pay (from either the local or national 
populations) required to equalize the excess monetary value of one alternative over another 
under various assumptions, acceptable to him, regarding the relevant time horizon, and the 
annual rate of discount, technological replacement, and demand for conservation (see Table 
L.1). 
As mentioned earlier, the Directorate of Water Affairs had indicated that its policy was to 
make the users of a water resource responsible for paying the fulL_9osts of providing the water; 
The results of the Contingent Valuation Survey would, therefore, indicate that the Weir is-the 
more efficient alternative given present valuations of the principal trade-offs involved. But 
relative valuations are likely to change over time, and the Krutilla Model can be applied to 
determine under what set of assumptions the expressed willingness to pay for Desalination 
would be adequate to make it the more efficient alternative. 
The analysis done using the Krutilla model indicates that the present willingness to pay for 
Desalination could be sufficient given that certain assumptions are accepted. Since there were 
an estimated 143,000 white households in the Cape metropolitan area, and their average 
willingness to pay had been judged to be R48.84 per year, the initial year's willingness to pay is 
calculated to be R6,984,000. Then if one assumes, for example, that the appropriate rate of 
discount is 3%, the rate of technological replacement is 4%, the growth in demand for 
conservation is 4%, and the relevant time horizon is 45 years, the Krutilla model indicates that 
the initial year's willingness to pay that is required is only R6,960,000. Given these assumptions, 
Desalination is the more efficient alternative even if the national willingness to pay is 
disregarded . 
. The Krutilla Model seemed to be understood and the rationale underpinning the model 
generally accepted by the Water Affairs officials with whom the research team had contact, but it 
is difficult to gauge the level of understanding and degree of acceptance on the part of the 
ultimate decision makers. There is great uncertainty about the costs of desalination, the 
appropriate rate of discount, the rate of technological advance, and the rate at which demand for 
f ynbos conservation will increase, but an attempt was made to provide a range of values for these 
factors that would encompass the extremes of opinion. 
7 This model was developed by Ms. Shirley Butcher of the Department of·Environrnental and Geographical 
Science, University of Cape Town. 
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. TABLEL.l. 
Output from "Krutilla Model" 
45-year time horizons for both CONSERVATION and DAM 
INITIAL YFAR'S BENEFIT FROM DAM = R29.4 million 
DISCOUNT RATE = 3% 
R PVP PVD DPI 
PI=1% 1% 29.60 
2% 36.24 
3% 45.00 
4% 56.64 
5% 72.24 
6% 93.28 
PI=2% 1% 29.60 
2% 36.24 
3% 45.00 
4% 56.64 
606.24 
606.24 
606.24 
606.24 
606.24 
606.24 
518.00 
518.00 
518.00 
518.00 
5% 72.24 518.00 
6% 93.28 518.00 
20.48 
16.73 
13.47 
10.70 
8.39 
6.50 
17.50 
14.29 
11.51 
9.15 
7.17 
5.55 
DISCOUNT RATE = 6% 
R PVP PVD BPI 
1% 17.90 
2% 20.98 
3% 24.90 
4% 29.93 
5% 36.46 
6% 45.00 
1% 17.90 
2% 20.98 
3% 24.90 
4% 29.93 
397.10 
397.10 
397.10 
397.10 
397.10 
397.10 
351.28 
351.28 
351.28 
351.28 
5% :16.46 :151.28 
<>% 45.00 351.28 
22.18 
18.92 
15.95 
13.27 
10.89 
8.82 
19.62 
16.74 
14.11 
11.74 
9.63 
7.81 
DISCOUNT RATE= 10% 
R PVP PVD BPI 
1% 10.98 
2% 12.32 
3% 13.95 
4% 15.94 
5% 18.41 
6% 21.50 
1% 10.98 
2% 12.32 
3% 13.95 
4% 15.94 
262.54 
262.54 
262.54 
262.54 
262.54 
262.54 
239.63 
239.63 
239.63 
239.63 
5% 18.41 239.63 
6% 21.50 239.63 
23.91 
21.30 
18.82 
16.47 
14.26 
12.21 
21.82 
19.44 
17.18 
15:03 
13.02 
11.15 
------------------·---- ---------·---------------
PI=3% 1% 29.60 
2% 36.24 
3% 45.00 
4% 56.64 
5% 72.24 
6% 93.28 
PI=4% 1% 29.60 
2% 36.24 
3% 45.00 
4% 56.64 
5% 72.24 
6% 93.28 
KEY: 
449.00 
449.00 
449.00 
449.00 
449.00 
449.00 
394.23 
394.23 
394.23 
394.23 
394.23 
394.23 
15.17 
12.39 
9.98 
7.93 
6.22 
4.81 
13.32 
10.88 
8.76 
6.96 
5.46 
4.23 
1% 17.90 
2% 20.98 
3% 24.90 
4% 29.93 
5% 36.46 
6% 45.00 
1% 17.90 
2% 20.98 
3% 24.90 
4% 29.93 
5% 36.46 
6% 45.00 
314.11 
314.11 
314.11 
314.11 
314.11 
314.11 
17.54 
14.97 
12.61 
10.49 
8.62 
6.98 . 
283.54 15.84 
283.54 13.51 
283.54 11.39 
283.54 9.47 
283.54 . 7.78 
283.54 6.30 
1% 10.98 
2% 12.32 
3% 13.95 
4% 15.94 
5% 18.41 
6% 21.50 
1% 10.98 
2% 12.32 
3% 13.95 
4% 15.94 
5% 18.41 
6% 21.50 
Initial year's benefit from dam = Excess monetary value of dam in year one, 
ie 98 million cubic metres at price differential of 30c per m3 
R Growth rate in demand for conservation 
PI Rate of technological replacement 
PVP Discounted net present value per Rl spent on conservation in the initial year 
PVD Discounted present value of the benefit from the dam (million Rands) 
220.25 . 20.06 
220.25 17.87 
220.25 15.79 
220.25 13.81 
220.25 11.96 
220.25 10.25 
203.69 
203.69 
203.69 
203.69 
203.69 
203.69 
18.55 
16.53 
14.60 
12.n 
11.06 
9.48 
BPI The amount required for conservation in the initial year in order to equal the value of the 
development (million Rands) 
A 
B 
c 
D 
E 
F 
G 
H 
J 
K 
L 
M 
N 
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APPENDIXM 
Means and Standard Deviations for Impact- Ratings by Nine Panels in Case Study 4 
n 
mean 
std dev 
mean 
std dev 
mean 
std dev 
mean 
std dev 
mean 
std dev 
mean 
std dev 
mean 
std dev 
mean 
std dev 
mean 
std dev 
mean 
std dev 
mean 
std dev 
mean 
std dev 
mean 
std dev 
mean 
std dev 
DAM vs WEIR 
ITERATION 
1 2 3 
15 15 15 
3,6 3,3 2,9 
1,8 1,4 1,2 
3,9 3,7 3,5 
1,5 0,9 0,7 
3,9 3,5 3,3 
i,s 1,1 1,1 
4,3 4,2 3,9 
1,5 0,9 0,8 
2,5 2,1 2,1 
1,4 1,0 0,9 
4,6 4,3 3,8 
1,7 1,3 1,0 
3,1 3,1 2,5 
1,3 1,1 0,8 
3,7 3,7 3,7 
1,2 0,9 0,8 
2,4 2,2 2,0 
1;0 1,0 0,6 
3,7 3,9 3,6 
1,4 1,2 1,0 
4,6 4,7 4,3 
1,5 1,1 1,0 
3,8 3,7 3,2 
1,4 1,2 0,7 
3,1 3,0 2,8 
1,1 0,8 0,5 
3,5 3,2 2,8 
1,5 1,3 0,9 
PANELA 
WEIR vs DAM 
ITERATION 
1 2 3 
15 15 15 
2,9 2,6 2,5 
1,6 1,3 1,0 
5,5 5,8 5,9 
1,1 1,0 1,0 
6,3 6,2 6,5 
1,2 1,4 1,3 
3,1 3,1 3,1 
1,3 1,3 1,0 
4,3 4,7 4,9 
1,6 1,2 1,1 
4,1 4,3 3,9 
1,5 1,5 1,3 
DAM vs DESAL DESAL vs DAM 
ITERATION ITERATION 
1 2 3 
8 10 10 
4,6 4,7 4,7 
1,2 0,5 0,5 
4,4 4,4 4,2 
1,2 0,9 0,7 
3,8 3,9 3,8 
1,4 1,2 1,2 
4,3 4,3 4,2 
1,5 1,0 0,9 
3,6 3,6 3,4 
1,5 0,8 0,7 
2,1 2,2 1,7 
1,1 1,2 0,8 
2,6 2,8 2,1 
1,5 1,4 1,0 
2,8 2,8 2,4 
1,3 1,0 0,8 
2,3 2,2 2,0 
0,7 0,9 0,4 
1 2 3 
8 10 10 
5,9 5,9 6,0 
0,9 0,8 0,8 
3,1 3,6 3,3 
1,1 1,0 0,8 
4,1 4,0 3,9 
0,9 0,8 0,7 
6,4 6,5 6,6 
0,5 0,5 0,5 
4,9 5,3 5,3 
1,1 0,9 0,8 
4,4 4,3 4,4 
1,8 1,6 1,4 
5,0 5,4 5,5 
1,3 0,9 . 0,9 
5,9 6,0 6,0 
0,6 0,4 0,0 
5,3 5,8 5,8 
1,7 1,2 1,2 
3,6 3,8 3,6 
1,6 1,2 1,3 
3,1 2,9 2,1 
1,5 1,2. 0,5 
3,8 3,6 3,7 
1,2 0,9 1,0 
A 
B 
c 
D 
E 
F 
G 
H 
J 
K 
L 
M 
N 
n 
mean 
std dev 
mean 
std dev 
mean 
std dev 
mean 
std dev 
mean 
std dev 
mean 
std dev 
mean 
std dev 
mean 
std dev 
mean 
·std dev 
mean 
std dev 
mean 
std dev 
mean 
std dev 
mean 
std dev 
mean 
std dev 
DAM vs WEIR 
ITERATION 
1 2 3 
11 8 10 
3,5 3,8 3,6 
1,5 1,4 1,3 
3,7 4,1 3,7 
1,5 1,5 1,5 
3,2 3,4 3,4 
1,4 1,7 1,5 
4,3 4,1 3,9 
1,5 1,1 0,8 
2,4 2,1 1,8 
1,4 0,8 0,7 
5,4 5,5 5,5 
0,9 1,1 0,8 
2,6 2,5 2,4 
1,6 1,3 1,2 
3,6 3,8 3,8 
2,0 1,6 1,3 
1,6 1,9 1,5 
0,8 0,8 0,5 
3,7 4,1 4,3 
1,5 0,6 . 0,8 
5,4 5,4 5,4 
0,9 0,7 0,7 
2,7 2,5 2,2 
1,5 1,1 0,7 
3,4 3,5 2,9 
1,7 1,9 1,6 
2,4 2,0 2,0 
1,0 0,7 0,6 
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PANELB 
WEIR vs DAM DAM vs DESAL DESALvs DAM 
ITERATION 
1 2 3 
11 7 10 
2,3 1,6 1,6 
l,1 0,5 0,5 
5,5 5,0 5,2 
0,7 1,7 1,5 
6,6 6,0 6,2 
0,6 2,1 1,8 
2,5 2,3 2,3 
1,2 1,2 0,8 
4,5 4,4 4,5 
1,7 1,6 1,6 
4,0 4,0 3,9 
2,0 1,8 1,4 
ITERATION 
1 2 3 
13 12 13 
4,1 3,8 3,9 
1,5 0,7 1,2 
4,4 3,9 3,8 
1,5 1,1 1,1 
3,5 3,0 3,0 
1,6 0,8 0,7 
4,8 4,8 4,8 
1,5 1,2 1,0 
3,9 3,8 3,6 
1,6 1,2 1,1 
2,4 2,1 2,1 
1,7 1,8 1,7 
2,8 2,3 1,9 
1,7 1,4 1,1 
2,5 2,0 1,8 
1,2 0,8 0,6 
1,4 1,2 1,2 
0,6 0,4 0,4 
ITERATION 
1 2 3 
13 13 13 
5,8 6,2 6,2 
1,5 1,7 1,7 
2,7 2,2 2,1 
1,8 1,0 0,5 
3,9 3,5 4,2 
1,8 1,1 1,0 
6,3 6,5 6,5 
1,4 0,9 0,9 
4,8 5,1 4,8 
1,5 1,0 0,9 
4,0 4,2 3,8 
1,6 1,6 1,5 
4;9 5,3 5,4 
1,3 1,0 0,9 
4,8 5,0 5,0 
1,3 1,0 0,8 
5,2 5,3 5,5 
1,7 1,4 I 1,3 
3,5 3,8 3,9 
1,4 1,2 1,1 
2,5 2,3 2,4 
1,2 0,7 0,5 
4,5 4,5 4,9 
1,9 1,4 1,3 
A 
B 
c 
D 
E 
F 
G 
H 
J 
K 
L 
M 
N 
n 
mean 
std dev 
mean 
std dev 
mean 
std dev 
mean 
std dev 
mean 
std dev 
mean 
std dev 
mean 
std dev 
mean 
std dev 
mean 
std dev 
mean 
std dev 
mean 
std dev 
mean 
std dev 
mean 
std dev 
mean 
std dev 
DAM vs WEIR 
ITERATION 
1 2 3 
11 11 11 
4,3 4,5 3,9 
1,6 1,2 1,3 
4,6 5,2 4,9 
1,2 0,7 0,5 
4,6 4,7 5,0 
1,3 1,0 1,0 
4,3 4,5 4,7 
1,4 0,9 0,7 
2,9 2,8 2,6 
1,2 0,8 0,9 
4,6 4,9 4,6 
1,6 1,0 0,6 
3,,5 4,1 3,7 
1,6 1,0 1,2 
3,6 3,6 3,9 
1,7 1,1 0,9 
1,8 2,2 2,0 
0,7 0,8 1,0 
4,1 4,6 4,3 
1,6 1,1 0,9 
5,1 5,2 5,2 
1,1 1,0 1,0 
3,4 3,7 3,7 
1,4 1,1 0,9 
2,7 2,6 2,5 
1,3 1,4 1,2 
3,4 3,1 3,0 
1,1 0;8 0,7 
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PANELC 
WEIR vs DAM 
ITERATION 
1 2 3 
11 11 11 
2,5 2,1 2,0 
1,2 0,9 0,6 
4,0 4,3 3,9 
1,8 1,1 0,7 
5,3 5,4 5,5 
0,7 0,6 0,7 
2,9 3,5 3,5 
1,2 1,2 1,0 
4,5 4,3 4,6 
0,9 1,0 0,8 
3,9 3,6 3,9 
1,5 1,1 0,8 
DAM vs DESAL DESAL vs DAM 
ITERATION ITERATION 
1 2 3 
11 11 11 
4,6 5,1 4,9 
1,7 1,2 1,0 
4,5 5,0 5,1 
1,0 0,7 0,5 
4,6 5,0 4,7 
1,4 1,0 1,0 
4,7 4,9 5,0 
1,0 0,8 0,7 
4,5 4,8 4,7 
1,2 1,0 1,1 
2,9 2,6 2,5 
1,5 1,2 0,8 
3,4 3,3 3,8 
1,7 1,4 1,0 
3,2 3,0 3,1 
1,0 0,9 0,7 
1,9 2,2 2,0 
0,9 1,0 0,9 
1 2 . 3 
11 11 11 
5,1 5,6 5,5 
1,9 1,1 1,3 
2,5 1,9 1,7 
1,4 0,8 0,6 
3,7 4,1 4,2 
1,8 1,4 1,4 
6,0 6,2 5,9 
1,1 0,6 0,8 
4,9 4,7 5,0 
1,4 1,2 1,1 
3,6 3,6 3,5 
1,4 1,1 1,1 
5,2 5,3 5,4 
1,7 1,1 1,1 
5,1 · 5;5 5,5 
1,9 1,2 0,9 
4,6 4,5 4,4 
2,2 1,7 1,2 
3,4 3,3 3,5 
1,4 1,1 1,1 
2,6 2,2 2,3 
1,2 0,6 0,6 
3,4 3,3 3,3 
1,7 1,4 0,9 
A 
B 
c 
D 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 
n 
mean 
std dev 
mean 
std dev 
mean 
std dev 
mean 
std dev 
mean 
std dev 
mean 
std dev 
mean 
std dev 
mean 
std dev 
mean 
std dev 
mean 
std dev 
mean 
std dev 
mean 
std dev 
mean 
std dev 
mean 
std dev 
DAM vs WEIR 
ITERATION. 
2 3 
15 13 15 
4,0 4,3 4,3 
1,4 1,4 1,4 
4,2 4,4 4,3 
1,5 1,4 1,4 
4,6 4,7 5,0 
1,6 1,3 1,4 
4,5 4,5 4,5 
1,1 0,8 1,0 
3,2 3,0 3,1 
1,4 1,2 0,9 
4,5 4,2 4,5 
1,5 1,3 1,1 
3,9 3,8 3,8 
1,5 1,5 1,3 
3,3 ·:2,9 2,7 
1,4 1,1 0,8 
2,5 2,2 2,1 
1,4 0,7 0,6 
3,9 3,7 3,9 
1,1 0,9 0,7 
4,7 . 4,8 5,1 
1,2 0,9 0,8 
3,6 4,0 ,3,9 
1,5 1,4 1,3 
3,0 3,5 3,3 
1,4 1,5 1,2 
3,5 3,5 3,4 
1,5 1,4 1,3 
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PANELD 
WEIR vs DAM 
ITERATION 
1 2 3 
15 13 15 
2,9 2,4 2,4 
1,5 1,4 . 1,2 
4,7 4,7 4,4 
1,1 0,7 0,6 
5,5 5,4 5,7 
1,0 1,0 0,6 
4,1 3,8 3,7 
1,4 1,3 1,4 
4,9 4,8 4,9 
1,4 1,0 1,0 
4,7 4,4 4,4 
1,7 1,3 1,3 
DAM vs DESAL DESAL vs DAM 
ITERATION ITERATION 
1 2 3 
15 13 15 
4,1 4,5 4,7 
1,7 1,4 1,3 
4,2 4,4 4,4 
1,4 1,3 1,0 
4,3 4,5 5,0 
1,4 1,3 1,1 
4,9 5,0 5,0 
1,1 1,0 0,8 
4,3 4,7 5,0 
1,4 1,5 1,3 
3,0 3,2 3,2 
1,3 1,2 0,9 
3,7 3,3 3,3 
1,4 1,3 1,1 
3,5 3,5 3,7 
1,6 1,4 1,2 
2,7 2,4 2,7 
1,2 0,7 0,9 
1 2 3 
15 13 15 
5,5 5,5 5,9 
1,7 1,3 1,1 
4,0 3,5 3,7 
1,5 1,1 1,0 
4,4 4,1 4,3 
1,2 1,0 0,8 
5,9 5,8 5,9 
1,2 1,2 0,9 
5,1 4,9 4,9 
1,1 0,8 0,9 
4,3 4,4 4,4 
1,5 1,4 1,4 
5,3 5,3 5,2 
1,1 0,7 0,5 
5,5 5,5 5,6 
1,3 0,9 0,8 
5,6 5,7 5,8 
1,5 1,5 1,4 
4,5 4,5 4,4 
1,7 1,7 1,5 
3,5 3,4 3,1 
1,6 1,3 1,3 
3,8 3,7 3,7 
1,2 1,0 0,6 
A 
B 
c 
D 
E 
F 
G 
H 
J 
K 
L 
M 
N 
n 
mean 
std dev 
mean 
std dev 
mean 
std dev 
mean 
std dev 
mean 
std dev 
mean 
std dev 
mean 
std dev 
mean 
std dev 
mean 
std dev 
mean 
std dev 
mean 
std dev 
mean 
std dev 
mean 
std dev 
mean 
std dev 
DAM vs WEIR 
ITERATION 
2 3 
19 17 17 
4,1 3,9 4,5 
1,6 1,5 1,2 
4,3 4,6 4,8 
1,6 1,3 1,0 
4,2 4,3 4,0 
1,7 1,4 ·1,3 
4,2 4,2 4,2 
1,4 0,8 0,8 
2,0 1,9 1,7 
0,9 0,7 0,6 
4,3 4,8 4,8 
1,0 1,0 0,9 
3,2 3,1 2,9 
1,3 1,0 0,8 
3,2 3,1 2,9 
1,6 1,1 1,0 
2,0 1,8 1,6 
1,3 1,3 1,0 
3,7 4,1 4,0 
1,5 1,3 1,2 
4,6 5,6 5,3 
1,8 0,9 1,4 
3,1 2,5 2,3 
1,4 0,9 0,6 
2,7 2,2 2,2 
1,3 1,1 1,1 
3,2 2,9 2,7 
1,3 1,3 1,2 
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PANELE 
WEIR vs DAM 
ITERATION 
2 3 
19 17 17 
2,3 2,2 1,8 
1,3 0,9 0,6 
4,6 5,0 4,6 
1,5 1,2 1,2 
5,8 6,2 6,2 
1,2 0,9 0,9 
3,6 3,4 2,8 
1,7 1,2 1,1 
4,4 4,6 4,4 
1,5 1,1 0,9 
3,6 3,8 3,2 
1,6 1,6 1,3 
DAM vs DESAL DESAL vs DAM 
ITERATION ITERATION 
2 3 
19 17 17 
5,1 4,6 4,8 
1,3 1,4 1,3 
5,5 5,2 5,4 
1,0 1,1 1,0 
4,6 4,4 4,5 
1,6 1,4 1,3 
5,0 5,2 5,3 
1,3 1,0 1,0 
4,6 4,2 3,9 
1,3 1,4 1,1 
2,7 2,4 2,3 
1,6 1,3 1,2 
3,4 3,1 2,8 
1,5 1,4 1,2 
2,7 2,4 2,0 
1,2 1,0 0,6 
2,4 2,1 1,8 
1,5 1,3 1,0 
2 3 
19 17 17 
4,5 4,7 4,2 
1,5 1,2 1,1 
2,8 2,6 2,4 
1,3 1,0 0,8 
3,5 3,2 3,2 
1,2 0,7 0,9 
5,9 6,2 6,4 
1,0 0,9 0,8 
4,8 5,1 4,5 
1,4 1,1 0,9 
3,5 3,5 3,0 
1,5 1,0 0,9 
5,1 5,1 4,7 
1,2 1,3 1,0 
5,1 5,4 5,4 
1,4 0,9 0,9 
4,7 4,9 4,8· 
1,8 1,5 1,5 
3,5 3,2 2,9 
1,4 1,2 0,9 
2,4 2,2 1,6 
1,5 1,1 0,6 
3,1 3,3 3,0 
1,6 1,1 1,0 
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PANELF 
DAM vs WEIR WEIR vs DAM 
ITERATION ITERATION 
2 3 2 3 
n 18 18 18 18 18 18 
A mean 2,7 2,2 1,9 2,2 1,9 2,1 
std dev 1,7 1,4 1,2· 1,1 0,6 0,5 
B mean 4,3 4,2 4,2 4,7 4,8 4,9 
std dev 1,6 1,0 1,0 1,,6 1,2 0,9 
c mean 4,8 5,1 5,1 6,7 6,8 6,9 
std dev 1,4 1,0 0,8 0,7 0,5 0,5 
D mean 4,2 4,2 4,0 2,8 2,1 2,0 
std dev 1,5 1,1 0,9 1,6 0,9 0,7 
E mean 2,0 1,8 1,8 5,6 6,1 6,1 
std dev 0,9 0,6 0,5 1,8 1,4 0,8 
F mean 4,3 4,1 3,4 4,2 4,5 3,9 
std dev 2,1 2,0 1,7 2,0 1,6 1,1 
G mean 2,4 2,3 2,1 
std dev 1,5 1,3 0,9 
H mean 2,3 2,1 2,0 . ..... 
std dev 1,4 1,1 0,9 
mean 2,4 2,1 2,1 
std dev 1,1 0,8 0,5 
J mean 3,8 3,8 3,8 
std dev 1,7 1,2 0,9 
K mean 5,1 5,1 5,1 
std dev 1,6 1,4 1,3 
L mean 3,2 2,8 2,4 
std dev 1,7 1,4 1,0 
M mean 3,1 2,3 1,9 
std dev 1,6 1,3 0,7 
N mean 3,4 2,9 2,6 
std dev 2,0 1,6 1,1 
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PANELG 
DAM vs WEIR WEIR vs DAM 
ITERATION ITERATION 
1 2 3 1 2 3 
n 18 18 18 18 18 18 
A mean 2,7 2,2 2,2 2,6 2,2 2,2 
std dev 1,4 0,6 0,8 1,5 0,7 0,5 
B mean 3,9 4,0 3,9 4,2 4,2 4,2 
std dev 1,7 1,3 1,2 1,6 1,4 1,3 
c mean 4,0 4,1 4,2 5,9 6,1 6,2 
std dev 1,8 1,5 1,3 1,2 1,0 0,9 
D mean 3,8 3,7 3,5 2,4 2,3 2,2 
std dev 1,4 1,2 1,0 1,2 0,9 0,7 
E mean 2,6 2,2 2,2 4,9 5,1 4,9 
std dev 1,3 0,5 0,5 1,6 1,1 0,8 
F mean 4,2 4,3 4,1 3,5 3,7 3,8 
std dev 2,0 1,7 1,5 1,7 1,5 1,6 
G mean 2,7 2,6 2,3 
std dev 1,4 1,3 1,1 
H mean 2,7 2,4 2,2 
std dev 1,6 1,2 0,7 
mean 2,7 2,1 1,9 
std dev 1,0 0,4 0,2 
J mean 3,7 3,9 3,7 
std dev 1,7 1,5 1,5 
K mean 4,3 4,8 4,9 
std dev 2,1 1,7 1,5 
L mean 2,2 1,6 1,7 
std dev 1,3 0,6 0,5 
M mean 2,4 2,0 1,7 
std dev 1,4 1,2 1,1 
N mean 2,4 2,2 2,0 
std dev 1,2 0,7 0,3 
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. PANELH 
" DAMvsWEIR. WEIR vs DAM 
ITERATION ITERATION 
1 2 3 1 2 3 
n 22 22 22 22 22 22 
A mean 3,0 2,5 2,3 2,6 2,2 2,0 
std dev 1,4 0,9 0,6 1,5 0,6 0,5 
B mean 3,5 3,6 3,6 5,1 5,0 5,0 
std dev 1,4 1,1 0,8 1,3 0,6 0,5 
c mean 4,9 4,9 5,0 5,5 5,6 5,7 
std dev 1,3 0,9 0,6 1,2 0,9 0,8 
D mean 4,6 4,4 4,2 3,5 3,4 3,5 
std dev 1,8 1,4 1,2 1,3 1,0 0,9 
E mean 2,7 2,2 2,1 3,9 3,7 3,6 
std dev 1,2 0,8 0,5 1,3 0,8 0,6 
F mean 4,4 4,5 4,4 4,8 4,7 4,4. 
std dev 1,8 1,3 1,1 1,6 1,1 1,2 
G mean 3,7 3,5 3,6 
std dev 1,3 1,1 1,0 
H mean 3,4 3,3 3,1 
std dev 1,6 1,1 0,9 
mean 2,7 2,6 2,5 
std dev 1,4 0,7 0,6 
J mean 4,1 4,2 4,3 
std dev 1,5 1,1 1,1 
K mean 5,2 5,2 5,0 
std dev 1,3 1,0 1,0 
L mean 3,1 2,8 2,7 
std dev 1,5 0,9 0,7 
M mean 2,9 2,5 2,5 
std dev 1,4 0,8 0,7 
N mean 2,6 2,4 2,3 
std dev 1,5 1,1 0,9 
31~: 
PANELi 
DAM vs WEIR WEIR vs DAM 
ITERATION ITERATION 
1 2 3 1 2 3 
n 19 19 19 19 19 19 
A mean 2,9 2,6 2,5 2,5 2,1 2,1 
std dev 1,6 1,5 1,5 1,1 0,7 0,3 
B mean 3,8 3,9 3,8 4,6 5,2 5,1 
std dev 1,8 1,6 1,6 1,5 1,2 1,2 
c mean 4,4 4,5 4,3 5,5 6,1 5,9 
std dev 1,7 1,4 1,3 1,6 1,0 1,0 
D mean 4,3 4,4 4,5 3,3 3,4 3,3 
std dev 1,6 1,4 1,2 1,5 1,2 1,0 
E mean 2,7 2,4 2,3 4,3 4,2 4,0 
std dev 1,2 0,8 0,7 1,6 1,3 1,1 
F mean 4,3 4,4 4,3 4,1 4,3 4,0 
std dev 1,7 1,3 1,4 1,7 1,3 1,3 
G mean 3,5 3,3 3,1 
std dev 1,6 1,3 0,8 
H mean 3,4 3,3 3,2 
std dev 1,3 1,1 0,9 
mean 2,4 2,4 2,3 
std dev 1,2 0,8 0,8 
J mean 3,8 3,7 3,9 
std dev 1,4 1,2 0,9 
K mean 4,7 5,1 5,2 
std dev 1,3 1,1 0,8 
L mean 2,7 2,6 2,4 
std dev 1,2 0,9 0,7 
M mean 2,6 2,6 2,6 
std dev 1,3 1,3 1,2 
N mean 3,0 2,6 2,3 
std dev 1,7 -. 1,2 1,0 
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J'.ANELJ ! 't ? '· 
DAM vs WEIR WEIR vs DAM 
ITERATION ITERATION 
1 2 3 1 2 3 
n 7 7 7 .. 7 7 
A mean 3,3 3,0 3,0 2,1 2,0 
std dev 1,8 1,7 1,4 0,3 0,0 
B mean 3,7 4,1 4,1 3,7 4,1 
std dev 2,1 1,8 1,6 1,3 1,7 
c mean 4,1 4,1 4,4 6,4 6,4 
std dev 1,5 1,0 0,9 0,5 0,5 
D mean 5,6 5,9 6,1 1,7 1,7 
std dev 1,3 1,1_ 1,1 0,7 0,7 
E mean 3,0 2,7 2,6 4,6 4,6 
std dev 1,3 1,2 0,5 1,6 1,6 
F mean 4;9 5,0 5,0 2,7 2,7 
std dev 1,6 1,5 1,4 0,9 0,9 
G mean 3,1 3,0 3,1 
std dev 1,6 1,6 1,5 
H mean 3,9 3,9 3,7 
std dev 1,6 1,4 1,0 
mean 4,3 4,1 4,1 
std dev 1,7 1,1 1,1 
J mean 14,0 3,9 3,7 
std dev 1,6 1,6 1,3 
K mean 5,3 5,4 5,7 
std dev 1,7 1,4 1,3 
L mean 4,6 4,7 4,7 
std dev 1,0 0,9 0,9 
M mean 4,0 4,0 4,1 
std dev 1,5 1,1 1,2 
N mean 4,3 4,0 4,0 
std dev 1,2 1,1 1,1 
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APPENDIXN 
Distributio,ns of Impact Ratings for Third Iteration' in Case Study 4 
PART 1: DAM vs WEIR 
BENEFIT A: Reduces additional costs to consumers 
PANEL: A B C D E 
------------------------------------------------------------------------------------------·------------------------------------------
7 * 
6 * * ***** **** 5 * ** ***** ** 
4 * *** *** ********** 
3 ******* **** * *** * 
2 ***** ** * ** * 
1 * * 
PANEL: A 
BENEFIT B: Reduces capital expenditure required 
B C D E 
7 • * 
6 ** * *** **** 5 ** * ******** * **** 
4 **** ** ** ***** ******* 
3 ********* ** **** * 
2 *** * 
1 
PANEL: A 
BENEFIT C: Increases reliability of water supply 
B C D E 
7 * ** 
6 **** **** * 5 *** ***** **** ****** 
4 ** *** *** *** 
3 ******** **** ** * **** 
2 * * 
.. 
* 
1 * * * 
PANEL: A 
BENEFIT D: Provides hydro-power for additional R50m 
B C D E 
7 
* * * * 6 5 * ** ******* ******* **** 
4 ********* ****** ** **** ******** 
3 **** * * * *** 
2 * * 
1 
PANEL: A 
BENEFIT E: Avoids certain adverse impacts on residents 
B C D E 
7 
6 
5 ** 
4 
* 
* 
3 ******* ** ******* ******** * 2 *** **** * **** ********** 
1 ***** **** ** ****** 
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PANEL: A 
BENEFIT F: Conserves lower reaches of valley 
B ·C D E 
------------------------------------------------------------------------------------------------------------------------------------
7 * * * 
6 **** * 
* ** 
5 ***** **** ***** ****** ******* 
4 *** * ***** *** ******* 
3 ****** **** 
2 * 
1 
PANEL: A 
BENEFIT G: Conserves certain agricultural lands 
B C D E 
7 * 
6 * 
5 * **** ** * 4 
* 
* ** ** * 
3 ******* * **** ******** *********** 
2 **** ***** * *** 
1 ** ** * * 
BENEFIT H: Conserves certain recreational resources 
PANEL: A B C D E 
7 
* 6 5 ** *** **** * 4 ******* * ** 
* 
*** 
3 ***** *** ***** ********** ********* 
2 * ** * ** 
1 ** ** 
PANEL: A 
BENEFIT I: Oppo~tunity to improve economic conditions 
B C D E 
7 
6 
* 5 4 
* 3 *** ** **** * 2 ********* ***** **** ********* **** 
1 *** ***** **** ** *********** 
PANEL: A 
BENEFIT J: Avoids certain aesthetic impacts 
B C D E 
7 
* 6 ** 5 **** ** ****** *** ***** 
4 *** ****** ** ******** *** 
3 ****** * *** **** ***** 
2 ** ** 
1 
PANEL: A 
BENEFIT K: Minimises impacts on Palmiet estuary 
B C D E 
7 * * 
6 ** ***** *** ***** ********* 
5 **** **** ***** ****** ***** 
4 ***** * * **** 
3 **** * 
* 2 
* 
1 
----------------------------------------,--------------------------------------------------------------------------------------------
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PANEL: A 
BENEFIT L: Improves fire-fighting capability 
B C D E 
7 
6 ** 
5 * ** *** 4 *** ***** ***** 
3 ********* **** *** *** ****** 
2 ** **** * * ********** 
1 ** * * 
PANEL: A 
BENEFIT M: Increases opportunities for flat-water recreation 
B C D E 
7 
* 
6 
5 *** * ** ** 4 
* 
* ** 
3 ********* *** *** ******* 
* 2 **** * **** ** ********** 
1 *** ** * **** 
PANEL: A 
BENEFIT N: Increases opportunities for production of biotic resources 
B C D E 
7 
* 6 5  
* 4 *** *** ****** ***** 
3 ******** ** ***** **** * 
2 ** ****** *** * ******** 
1 ** ** ** ** 
PART 1: DAM vs WEIR (cont) . 
PANELS F to I: SHORT COURSES AND.EGS STUDENTS 
BENEFIT A: Reduces additional costs to consumers 
PANEL: F G H I J 
7 * 
6 * • 5 * 4 *** * * * 3 **** ** ******   
2 ************** **************' ************ **** 
1 *********** * * *** 
PANEL: F 
BENEFIT B: Reduces capital expenditure required 
G H I J 
7 
* 6 *** 
****** *** 
5 ** ***** ** 
4 ********* ******* *********** 
* 3 **** ** ******* ******** *** 
2 ** ** ** * 
1 * * 
PANEL: F 
BENEFIT C: Increases reliability o.f water supply 
G H I J 
7 * 
6 ****** **** *** **** * 5 ******** ** **************** *** ** 
4 *** ******** ** *** '*** 
3 * * * ******** * 
2 *** 
1 
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PANEL: F 
BENEFIT D: Provides hydro-power for additional R50m 
G H I J 
------------------------------------------------------------------------------------------------------------------------------------
7 **** 
6 • * **** 
* 
5 **** * 
************ ******* * 
4 ******* *********** * ***** * 
3 ****** *** ***** * 
2 ** * ** 
1 * * 
------------------------------------------------------------------------------------------------------------------------------------
PANEL: 
7 
6 
5 
4 
3 
2 
1 
PANEL: 
7 
6 
5 
4 
3 
2 
1 
F 
BENEFIT E: Avoids certain adverse impacts on residents 
G H I 
* 
************ 
***** 
•••• 
************* 
• 
* **** ***** 
**************** ********** 
** ** 
F 
BENEFIT F: Conserves lower reaches of valley 
G. H I 
* ••• * 
* **** • 
**** * ******* ********* 
** ******* ***** ** 
* ***** ***** *** 
******** ** * *** 
* 
J 
**** 
••• 
J 
•••• 
• 
* 
* 
-------------'."'---------------------------------------------------------------------------------------------------~------------------
PANEL: 
7 
6 
5 
4 
3 
2 
1 
PANEL: 
7 
6 
5 
4 
3 
2 
1 
PANEL: 
7 
6 
5 
4 
3 
2 
1 
F 
BENEFIT G: Conserves certain agricultural lands 
G H I 
* ** *** * 
************ *** 
** ** ***** ************ 
************ ************ ** ** 
*** ** ** * 
BENEFIT H: Conserves certain recreational resources 
F G H I 
* *** * 
******* 
* ******* **************** ***** 
************ ******** ** ****** 
**** *** * 
F 
BENEFIT I: Opportunity to improve economic conditions 
G H I 
*** 
************* 
** 
***************** 
************ 
********* 
* 
** 
**** 
*********** 
** 
J 
** 
• 
* 
* 
J 
** 
** 
** 
* 
J 
**** 
• 
• 
• 
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BENEFIT J: Avoids certain aesthetic impacts 
G H PANE~: , F I J 
------------------------------------------------------------------------------------------------------------------------------------
7 * 
6 * 
*** 
* 5 ** ** ************** 
* 
* 
4 ********* ***** *** ************* * 
3 ***** ** **** *** *** 
2 * ****** * * 
1 * 
PANEL: F 
BENEFIT K: Minimises impacts on Palmiet estuary 
G H I J 
7 * ** * * ** 
6 ******** ****** ***** ****** *** 
5 ***** ***** *********** ******** * 
4 * * *** **** 
3 ** ** ** 
* 2 * ** 
1 
------------------------------------------------------------.----------·------------------------------------------~------------------
PANEL: 
7 
6 
5 
4 
3 
2 
1 
F 
BENEFIT L: Improves fire-fighting capability 
G ~H . 
** 
*** 
************ 
* 
************ 
****** 
**** 
******** 
********** 
I 
* ****** 
*********** 
* 
PANEL: F 
BENEFIT M: Increases opportunities for flat-water recreation 
G H I 
7 
* 
* 6 
5 
4 ** * 
3 *** ******** ********** 
2 ********** ******** *********** ** 
1 ***** ********* * ***** 
PANEL:. F 
BENEFIT N: Increases opportunities for production of biotic resources 
. G H I 
7 
6 
5 ** 
4 ** * *** 3 * * ********* **** 
2 ************ **************** ******* ******* 
1 * * ***** ***** 
' 
J 
** 
* 
**** 
J 
* 
** 
** 
* 
* 
J 
*** 
** 
* 
* 
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PART 2: WEIR vs DAM 
PANEL: A 
BENEFIT A: Avoids adverse impacts on residents 
B C D E 
------------------------------------------------------------------------------------------------------------------------------------
7 
* 6 5 * 
4 
****** 3 ** ***** ** 
2 ****** ****** ******* ****** ********* 
1 ** •••• ** *** •••••• 
PANEL: A 
BENEFIT B: Avoids certain aesthetic impacts 
B C D E 
7 ***** 
6 ****** ****** •••• 
5 ** *** ** ******* ******* 
4 ** ****** ******* *** 
3 *** * • 
2 •• 
1 * 
BENEFIT C: Conserves more of the natural environment 
PANEL: A B C D E 
7 *********** ******* * ******** 
6 *** ** *** *********** ****** 
5 ******* *** ** 
4 * * 
3 
* 
2 
1 * 
_________________________________________________ .;,. ______________________________________________ . __________ .;. ___ . ______________ ..; ___ . ___ _ 
PANEL: A 
BENEFIT D: Conserves agricultural lands 
B C D E 
7 * 
6 * * 
5 * * * * 
4 * ****** ***** *** 
3 ********** ** *** **** ******** 
2 *** ****** *** ** 
1 * * *** 
BENEFIT E: Conserves scientific and educational resources 
PANEL: A B C D E 
7 ** 
6 * ***** 
* 
***** ** 
5 ****** ****** **** ***** 
4 ***** 
* 
*** ***** ******* 
3· * *** * * *** 
2 * 
1 
PANEL: A 
BENEFIT F: Reduces risk of extreme events affecting estuary 
B .C D E 
7 
* 6 *** ** 
5 *** ** ******** ** 
4 ****** *** ******* * ******** 
3 **** * * ** * 
2 ** • • ** ••• 
1 * *** 
------·-----------------------------------------------------------------------------------------~-----------------------------------
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PART 2: WEIR vs DAM (cont) 
PANEL: F 
BENEFIT A: Avoids adverse impacts on residents 
G H I J 
------------------------------------------------------------------------------------------------------------------------------------
7 
6 
5 
4 
3 
2 
1 
PANEL: 
7 
6 
5 
4 
3 
2 
1 
PANEL: 
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** 
**** 
************* 
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BENEFIT B: Avoids certain aesthetic impacts 
G H I 
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********** ********* ................. *** 
*** **** •• ****** 
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* 
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* * 
BENEFIT C: Conserves more of the natural environment 
F G H I 
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J 
* 
*** 
• 
** 
J 
--------------------------------------------------------------------------------------~---------------------------------------------
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1 
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PANEL: F 
BENEFIT D: Conserves agricultural lands 
G H I J 
--------------------------------------------------------------------.---------------------------------------------------------------
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**** *** 
***** **** 
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BENEFIT E: Conserves scientific and educational resources 
F G H I 
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** *********** *** 
* * ************** ********* 
** ******* *** 
* ** 
F 
BENEFIT F: Reduces risk of extreme events affecting estuary 
G · H I 
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* ***** *** ** 
* 
* 
*** 
*** 
J 
* 
* 
** 
* 
* 
* 
J 
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PART 3: DAM vs DESALINATION 
BENEFIT A: Reduces additional costs to consumers 
PANEL: A B C D E 
------------------------------------------------------------------------------------------------------------------------------------
7 
6 
5 
4 
3 
2 
1 
* * * ** 
******* 
*** 
** 
***** 
**** 
* 
** 
*** 
***** 
BENEFIT B: Achieves greater return on capital 
B C PANEL: A 
7 * 
6 ** 
5 **** * ***"'**** 
4 **** **"'** * 
3 "'* ****** 
2 
1 
*** 
***** 
*** 
** 
* 
D 
* 
* 
"'** 
******** 
** 
PANEL: A 
BENEFIT C: Time to improve desalination technology 
B C D 
7 * * 
6 **** 
5 **** ****** ****** 
4 ** *** **'* ** 
3 ** ******* * ** 
2 ** *** 
·1 
PANEL: A 
BENEFIT D: Conserves energy resources 
B C D 
7 * * 
6 * ** ** ** 5 ** **** ******** ******** 
4 ***** ***** **** 
3 ** * * 
2 
1 
PANEL: A 
BENEFIT E: Increases reliability of water supply 
· B C D 
7 * 
6 *** ***** 
5 * * ***** ****** 4 ** ********** 
3 ******* *** ** 
2 * 
1 ** 
PANEL: A 
BENEFIT F: qrportunities for flat Cater recreation 
D 
7 
6 ** 
5 ** 
4 
* 
** 
3 ** ***** ******** 
2 *** **** **** *** 
1 ***** ******* * 
** 
******** 
** 
** 
* 
E 
* 
********** 
"'"' 
*** 
* 
E 
**** 
******* 
** 
*** 
..• 
E 
** 
***** 
****** 
**** 
E 
** 
** 
******** 
*** 
** 
E 
** 
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******** 
**** 
-----------'"'------------------------------------------------------------------------------------------------------------------------
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PART 4: DESALINATION VS DAM 
PANEL: A 
BENEFIT A: Hastens development of more secure water supplies 
B C D E 
------------------------------------------------------------------------------------------------------------------------------------
7 *** ********* ** ****** * 
6 **** * ***** **** * 
5 *** ** *** ** *** 
4 *** ********* 
3 ** 
2 * * 1 * 
PANEL: A 
BENEFIT B: Enhances SA's international reputation 
B C D E 
7 
6 
5 **** 
4 ***** ***** • 3 *** ** * **** ******* 2 ** ********** ****** ** ******* 
1 * **** ** 
PANEL: A 
BENEFIT C: Stimulates regional economic development 
B C D E 
7 
* • 6 5 ** ***** ******** ******* 
4 ***** ** ***** **** 
3 *** ***** * *** ********* 
2 * *** 
1 * 
----------------------------------------------------------·----.:.-------------------------------------------------------:~-.~.----------
PANEL: A 
BENEFIT D: Conserves natural resources in Kogelberg forest 
B C D E 
7 ****** ********** ** ***** ********** 
6 **** * ******* ***** **** 
5 * * **** *** 
4 * * * 
3 
2 
1 
BENEFIT E: Conserves scientific and educational resources 
PANEL: A B C D E 
7 * 
6 ** **** ***** **** **** 
5 ****** **** *** ******* ** 
4 * **** * *** ********** 
3 * ** * * 
2 
1 
PANEL: A 
BENEFIT F: Conserves agricultural lands 
B C D E 
7 * ** 
6 ** * * 5 **** **** ** ** 
4 ** * **** ******** * 
3 * **** **** *********** 
2 *** ** **** 
1 • * 
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PANEL: A 
BENEFIT G: Opportunities to increase productivity of certain resources 
B C D E 
7 
6 
*• 5 *** ** 
4 * ** ***** ***** *** 
3 *** * * ***** *** 
2 ** **** ** ** ******* 
1 **** ****** * ** 
PANEL: A 
BENEFIT H: !:proves fire-fightin~capability 
D E 
7 
* 6 5 ** 
4 *** ******* 
3 ****** * ****** * *** 2 ** ******** ** **** *********** 
1 ** **** *** 
PANEL: A 
BENEFIT I: Improves economic conditions - Kleinmond/Strand 
B C D E 
7 
6 
* 5 4 .. ** 
3 * * ******** ** 2 ******** ** ****** *** ****** 
1 * ****•****** *** ** ******** 
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PANEL: A 
BENEFIT G: Maintains natural conditions in estuary 
. B C D E 
------------------------------------------------------------------------------------------------------------------------------------
7 • •• 
6 ******* ***** ... **** ** 
5 ** ****** ****** ••••••••••• ******'***** 
4 * ** 
3 * * * * 
2 * 
1 
------------------------------------------------------------------------------------------------------------------------------------
PANEL: A 
BENEFIT H: Conserves aesthetic quality of Kogelberg forest 
B C D E 
7 ** ** ** 
6 ********** *** ** ****** ***** 
5 ******** ****** ****** ******* 
4 * * * *** 
3 * 
2 
1 
PANEL: A 
BENEFIT I: K~eps future options oCen 
D E 
7 *** *** * ***** ••••• 
6 **** **** ******* 
5 ** **** **** * ****** 
4 * **** *** 
3 * * * *** 
2 * * * * 
1 
-------------------------------------------------------------------------------------------::-----------------------~-----------------
BENEFIT J: Reduces fire hazard 
PANEL: A B C D E 
7 * 
6 **** 
5 *** ***** ** * * 4 *** **** **** **** ** 
3 ** ** ** **** ********** 
2 * ** *** * *** 
1 * * 
PANEL: A 
BENEFIT K: Avoids adverse impacts on residents 
B C D E 
------------------------------------------------------------------------------------------------------------------------------------
7 
* 6 
5 * 
4 *** 
3 ** ***** **** **"'*** * 
2 ******* ******** ****** ** ********* 
1 * * ** ******* 
BENEFIT L: Conserves recreational resources 
PANEL: A B C D E 
7 ** 
6 *** 
5 * ** * ** 
4 ******* **** "'** *********** *** 
3 * ** ***** *** ***** 
2 ** * ******* 
1 * 
------------------------------'""-----------------------------------------------------------------------------------------------------
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APPENDIXO 
COMPARISONS OF THE IMPACTS IDENTIFIED BY THE INFANTA PANELS IN 
CASE STUDY 5 
Introduction 
Each of the two lnfanta panels accomplished two iterations of impact identification for both 
positive and negative impacts before undertaking an evaluation of the relative significance of 
these impacts. Subsequently three research associates independently reviewed the four pairs of 
lists of impacts produced by the panels and made judgments as to which impact definitions of the 
two panels could be considered equivalent or reasonably comparable. The object was to 
determine the extent to which impact definitions produced by one panel would be recognizably 
similar to those of another panel, and whether those impact statements which were judged to be 
similar could be regarded as meaning essentially the same thing for the purpose of guiding 
assessments or evaluations. 
There were no significant differences in the judgments of the three research associates as to 
which impact definitions corresponded and which had no counterpart. The results of this 
comparison are presented here in four parts: 
• the first iteration of positive impacts 
• the second iteration of positive impacts 
• the first iteration of negative impacts 
• the second iteration of negative impacts. 
These lists are presented in the above order using the following format: 
1. The first iteration of positive impacts by Panel 1, along with the equivalent impacts 
identified by Panel 2, followed by a listing of impacts identified by one panel for which there 
was judged to be no corresponding impact listed by the other panel. 
2. The second iteration of positive impacts by both panels, compared in the same manner 
alluded to above. These impacts (which had been organized under banner headings by the 
project coordinators, followed by short statements which described the nature of the 
impact) are here arranged under ''neutral" headings that were chosen by the principal 
researcher when comparing the results of the two panels. 
3. The first iteration of negative impacts, presented as in 1 above. 
4. The second iteration of negative impacts, presented as in 2 above. 
Impacts identified by Panel 1 will be preceded by the number "1", and those of Panel 2 will 
be preceded by the number "2" (e.g., lA vs. 2A). (NOTE: Some of the impacts were defined by 
the panels in sentence form, others in phrases only.) 
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Positive Impacts, First Iteration 
Impacts Regarded as Equivalent 
lA = 2G(c) 
lA: The reservoir would provide an improved water supply to existing property owners 
to replace the present unreliable system. 
2G( c ): A more reliable water supply will benefit current residents. 
1B = 2F 
lB: The improvement and expansion of local amenities (e.g. shops and recreational 
facilities, especially an increased swimming area and separation of boaters and bathers). 
2F: Recreational facilities (e.g., tidal pool, boat ramps, picnicking area) will benefit the 
village (e.g., the tidal pool will provide safer, larger swimming area). 
lC + lD = 2A 
lC: The provision of employment for local and other labour during· building operations. 
lD: The provision of formal and informal employment after the township development 
for the local community and others in an economically inactive area. 
2A: The development ~ill provide seasonal employment opportunities for farm 
labourers and temporary employment for construction workers. 
lE + lN = 2B 
lE: Increasing the supply of holiday accommodation and recreational facilities will help 
meet regional recreational needs. 
lN: This relatively undeveloped resort would be better used in the light of the loss of 
local resorts due to the South African Defence Force development at De Hoop. 
2B: The development will provide further needed holiday accommodation along the 
coast in. relatively unspoilt areas, especially as a result of the loss of other potential sites. 
1F = 2E 
lF: The proposed development will provide attractive permanent accommodation for 
retired people. 
2E: Prospective buyers will be provided with superior sites: north facing, good views, 
sheltered from the south-easterly wind in the summer season. 
lG = 2D 
lG: Property values in the area will increase. 
2D: The development will increase property values. 
lH = 2G(a) 
lH: The present refuse disposal system will be improved by removal of the present dump 
to a more remote area~ 
2G(a): Improved litter disposal will benefit current residents. 
1J = 2G(b) 
11: Roads in the area will be improved. 
2G(b ): An improved entrance road will benefit current residents. 
lK = 2I 
lK: The provision of local authority erven for better social services and increased local 
authority spending to upgrade facilities, e.g. picnic areas. 
21: The rates and taxes from the new development will permit local authority to make 
improvements, e.g. to improve and manage river area, to manage fynbos on remainder of Erf 
134, and provide improved public amenities and services. 
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Impacts Identified by One Panel Only 
11: Recreational pressure will be taken off other more sensitive coastal areas by developing 
this already disturbed site. 
lL: The inclusion of t~e area in the ESCOM electricity network system could become a 
viable proposition by an increase in users. 
lM: The economy of the surrounding urban areas would benefit slightly during peak holiday 
seasons. 
2C: The holiday population will provide chances for local young farmers to find spouses. 
2H: The aesthetic character of Inf anta will be improved by a centralized water supply (i.e., 
removal of water towers now projecting above houses) and by groupings of housing. 
2J: Increased population will stimulate greater public interest m conservation and will 
encourage further studies into rare species. 
Positive Impacts, Second lter~tion 
Impacts Regarded as Equivalent 
lA = 2A + 2B: BETTER EMPLOYMENT PROSPECTS. 
lA: Increased Employment Opportunities 
Employment opportunities for local and other labour would arise during the 
construction phase. 
There would be increased formal (e.g. shop owners) and informal (e.g. sale of 
braaiwood) employment opportunities in the Infanta area. 
The new township would increase holiday employment opportunities for farm 
families. 
2A: Permanent Employment 
Development will provide seasonal employment for local" Coloured" population. 
28: Temporary Employment 
The development will provide temporary employment for construction workers. 
1B = 21: BETTER INFRASTRUCTURE AND SERVICES 
lB: Improvements in Local Infrastructure and Services 
The reservoir would provide an improved water supply to the existing Inf anta 
residents. 
Amenities such as shops may be built. 
The road to Infanta and in the village may be upgraded. 
The removal of the rubbish dump to a more remote area will reduce the health 
hazard and be less visible to local residents. 
The inclusion of the area in the ESCOM electricity system could become a viable 
proposition by an increase in users. 
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21: Increased Services 
The rates and taxes from the new development will permit the local authority to 
improve area facilities, provide improved public amenities and services, improve 
litter disposal, and improve the entrance road. 
lC = 2G: BETTER RECREATIONAL FACILITIES 
lC: Additional Recreational Facilities 
The tidal pool will provide additional safe swimming areas for all holiday 
makers. 
More public open space will reduce pressure on the beach and provide additional 
area for day visitors. 
2G: New Recreational Facilities 
Recreational facilities will benefit the village, e.g., tidal pool will provide safer, 
larger swimming area. 
lD = 2E + 2F: STIMULUS TO REGIONAL ECONOMY 
lD: Stimulation of Regional Economy 
The economy of the surrounding urban areas would benefit, especially during 
peak holiday seasons. 
Property values in the area will increase. 
2E: Multiplier Effect 
The development will provide a general economic stimulus to the region. 
2F: Property Values Increased 
The development will increase property values. 
lE = 2D: MORE RECREATION AL HOUSING 
lE: Increased Opportunities for Prospective Home Owners and Holiday Makers 
The new township will provide prospective holiday home owners and people 
seeking r~tirement homes with additional opportunities to own a home at the 
sea. ) 
This relatively undeveloped resort would be better used in the light of the loss of 
local resorts due to the South African Defense Force development at De Hoop. 
2D: Suitable Holiday Sites 
The development will meet a demand for holiday sites that are north-facing, 
sheltered and with good views along the coast in relatively unspoilt area, 
especially as a result of loss of other potential areas (e.g., "Skipskop"). 
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lF - 2K: ECOLOGICAL ADVANTAGES 
lF: Alleviate Recreational Pressure in Sensitive Coastal Areas 
Recreational pressure will be taken off other more ecologically sensitive areas by 
developing this already disturbed site. 
2K: Ecology Unaffected 
The development will not affect any valued plant communities or rare vegetation 
types. 
Impacts Identified by One Panel Only 
2C: Courtship Opportunities 
The holiday population will provide improved chances for local young farmers 
finding spouses. 
2H: Improved Aesthetics 
The aesthetic character of lnfanta will be improved by reducing the necessity for 
water towers above houses and improving the entrance to Infanta with group 
housing. 
2J: Conservation Awareness 
Increased population will stimulate greater public interest in conservation and 
will encourage further ecological studies. 
Negative Impacts, First Iteration 
Impacts Regarded as Equivalent 
lA = 2B 
lA: Seepage from rubbish dump and septic tanks could pollute groundwater supplies. 
2B: Gr~undwater supply may be contaminated from septic tank soakaways, farm 
fertilizers and pesticides and leachates from low-lying refuse tip sites. 
\ 
1B + lC = 2A 
iB: Pumping of groundwater could reduce the supply or quality of water. 
lC: The yield from boreholes may not be able to meet the demand at peak holiday 
periods. 
2A: Groundwater supply may be inadequate. 
lD + lE + lF + lG = 2C 
lD: Increased numbers of boats will place additional pressure on limited launching 
facilities at the Infanta slipway and bar harbour. 
lE: Additional holiday makers will create crowding and congestion on the Infanta beach. 
lF: Increased numbers of recreationists using the Infanta slipway and bathing area will 
result in conflict between different user groups and safety levels will be reduced. 
lG: Increased recreational craft using the estuary will create conflict between water 
users. 
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2C: Existing coastal recreation facilities will become congested, e.g., boat launching 
facilities, swimming area, beaches, and commonage. 
lH = 21 
lH: Congestion on the commonage will worsen with increased numbers of fishermen 
using this area to park vehicles and trailers. This will result in a loss of open space for picnicking 
for day visitors. 
21: More vehicles will increase traffic and need for parking areas. 
11 + IK + lL + lM = 20 
11: Increased exploitation by holiday makers will cause the decline of edible shellfish and 
bait organisms. 
lK: There will be an increase in the pressure on line fishing. 
lL: The Zostera beds and saltmarshes will be adversely affected by the increased number 
of boats launching and mooring in the area, 
IM: Increased bait collecting pressure will result in the disturbance of the fragile 
saltmarsh ecosystem. 
20: Marine and estuarine life would be subjected to greater exploitation, e.g., bait 
organisms, shellfish, tidal pool organisms, and fish stocks. 
1J = 2G + 2Z 
lJ: Construction of the tidal pool will adversely affect the marine ecology and beauty of 
the shoreline. 
2G: The tidal pool could prove expensive to maintain and become degraded. 
2Z: Localised drift sand could occur around the tidal pool. 
IO= 2N 
10: Loss of lowland fynbos and its associated habitat due to site clearance. 
2N: An area of good quality fynbos will be lost. 
lP + lZ = 2V 
IP: Construction activities will lead to the spread of alien vegetation. 
lZ: A housing development adjacent to the private nature reserve will render it 
vulnerable to intrusion and less viable as a nature reserve. 
2V: Local private nature reserve may suffer trampling, fires, alien- infestation and an 
· invasion by Argentine ants. 
10 = 200 
IQ: More people in the area will disturb birds and game. 
2DD: Waterfowl nesting/feeding areas and mud-flats may be destroyed by greater 
recreational pressure. 
lW = 2F 
lW: Access to the tidal pool will require considerable modification to the coast. 
2F: Boulder beaches, an uncommon feature of S.A.'s coastline, would be modified by the 
tidal pool. 
IX+ IEE= 2M 
lX: Services provided for the new township will result in additional costs to present 
Infanta property owners. 
lEE: The development may lead to a demand for a high level of services such as tarred 
roads, water, sewerage, electricity, which would be expensive for the local authority' and the 
residents. 
2M: Rates to existing residents will increase to pay for unwanted services. 
lY = 20 
1 Y: Increased numbers in the area may pose a threat to security in Infanta. 
20: Crime could increase. 
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lAA = 2X 
lAA: Siting of a rubbish dump on Erf 134 will reduce the aesthetic quality of the private 
nature reserve. 
2X: The rubbish dump will be a source of wind-blown litter. 
lBB = 2H 
lBB: The reservoir and b~ildings on the hill at Infanta will impair scenic views. 
2H: The view from Witsands and the river /beach would be spoilt. 
lCC + lDD + lFF = 2P 
ICC: The extension of Infanta is likely to result in the development of holiday resort 
infrastructure (e.g., caf es and hotels) which will draw other users and entrepreneurs to the area. 
lDD: Expansion at Infanta will exacerbate the creep of coastal township development. 
lFF: The proposed development may increase the attractiveness of the Infanta area for 
further development. 
2P: The project could stimulate further developments that might be inappropriate to the 
area. 
Impacts Identified by One Panel Only 
lN: Additional skiboats using the estuary will increase sediment and bank disturbance. 
lR: More garbage will be generated. 
lS: The waterpump which feeds the reservoir will cause noise and air pollution. 
lT: No ablution facilities near the tidal pool could result in a health hazard. 
lU: The exposed dump on Erf 134 could pose a health hazard. 
1 V: The building of the tidal pool will destroy archaeological sites and shell middens. 
2E: Whales would be disturbed by increased boating. 
2J: The .rustic character of the existing township will be lost. 
2K: The unspoilt and uncrowded character of the surrounding coastal area will be lost. 
2L: Allowing this development might inhibit/preclude development in more suitable areas. 
20: The project will. waste resources that could be put to better use (e.g., low-income 
housing, nature conservation, roads). 
2R: Erosion will 9ccur where vegetation is disturbed in thin soils. 
25: Owners of Erf 107 will have trespassers crossing from Erf 134 to the shoreline. 
2T: Local roads from the N2 will require more maintenance. 
2U: More regulations will be imposed on residents by local government. 
2W: Lowering of water table may kill off some natural vegetation. 
2Y: Houses in low-lying areas may be damp. 
2AA: There may be threatened plant species in the reasonably wet lowland area. 
2BB: Houses will be scattered and not contiguous to Infanta. 
2CC: Roads and graded sites will scar hillside. 
2EE: Construction noise arid disruption will affect present residents and holiday-makers. 
2FF: The new development might attract the "wrong type'.' of people (i.e., insensitive to 
nature). 
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Negative Impacts, Second Iteration 
Impacts Regarded as Equivalent 
lA = 2F: RECREATIONAL CONGESTION 
lA: Overcrowding of Recreational Facilities 
Increased numbers of boats will place additional pressure on the limited 
launching facilities at Infanta slipway and bar harbour. 
Additional holiday makers will create overcrowding and congestion on the 
Infanta beach and slipway which will result in conflict between different user 
groups. 
Increased number of recreational craft using the estuary will create conflict 
between water users. 
Congestion on the commonage will worsen with increased number of fishermen 
using this area to park vehicles and trailers. This will result in a loss of open 
space for picnickers. 
2F: Congestion Effects 
The uncrowded nature of the surrounding coastal area will be diminished. 
Existing coastal recreation facilities will become congested (e.g., beaches, boat 
launching facilities, roads and parking). 
lB + lL = 2G: GROUNDWATER AND POLLUTION PROBLEMS 
lB: Health Hazards 
If no ablution facilities are provided near the tidal pool a health hazard may 
arise. 
The exposed rubbish dumps on Erf 134 could pose a health hazard. 
Leachates from the rubbish dumps and seepage from septic tanks could 
contaminate the water supply. 
lL: Yield from Boreholes may be Insufficient 
The yield from boreholes may not be able to meet the demand at peak periods, 
necessitating alternative water supply. 
2G: Groundwater Problems 
Groundwater supply may prove inadequate or become contaminated from 
soakaways or leachates from the refuse site. 
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lD + lH + 1J + lK - 2A + 2C + 2E + 21: DEGRADED AESTHETICS. SECURITY. AND 
COMMUNITY CHARACTER 
lD: Impaired Aesthetic Quality 
Scarring of landscape during construction activities will be an eyesore. 
Access to the tidal pool will require modifications to the natural beauty of the 
coastline. 
The tidal pool and windbreak structures will diminish the natural beauty of the 
shoreline. 
The siting of the rubbish dump on Erf 134 will reduce the aesthetic quality of the 
private nature reserve. 
The reservoir and building on the hill will impair scenic views. 
lH: Danger to Public Safety 
Increased numbers of people in the area may pose a threat to the security at 
Infanta. 
The risk of accidental fires would be increased. 
The beach, slipway and bathing area will become less safe due to greater 
numbers of people and craft using the area. 
1J: Change in Charact~r of Existing Inf anta Village 
The extension of lnfanta is likely to result in the development of holiday resort 
infrastructure (e.g., cafe, petrol station and hotel), which will draw other users 
and entrepreneurs to the area. 
The rustic fishing village character of Infanta will be lost for future generations. 
The tranquil atmosphere of Infanta will be lost by noise intrusions such as that 
caused by the water pump. 
lK: Loss of Scarce Undeveloped Coastal Areas to Uncontrolled Development Schemes 
Expansion of Erf 134 will increase the potential for further development at 
Infanta and will exacerbate the spread of coastal township development. 
Impetus will be given to further uncontrolled development before a regional 
master plan has been produced. 
2A: Aesthetic Quality Impaired 
A new development not contiguous with Inf anta consisting of roads and houses 
scattered over the hillside will detract from the present quality of the village. 
The project would stimulate further inappropriate development 
'341 
2C: Effects of Tidal Pool 
Tidal pool construction would modify boulder beaches (which are an uncommon 
f ea tu re on the S.A. coast) and could result in localised drift sands. 
The tidal pool could become degraded. 
2E: Change in Community Character 
The new development will attract people who are relatively insensitive to the 
area's natural attributes. 
The development may also con.tribute to community problems such as 
trespassing and even crime. 
21: Suboptimal Location 
A development at Infanta might inhibit or preclude developments in more 
suitable areas. 
lE + 1F = 2H: LOSSES TO MARINE AND ESTUARINE SYSTEMS 
lE: Exploitation of Marine Resources 
Increased exploitation by holiday-makers will further reduce the numbers of 
large edible shellfish and reduce the population of bait organisms. 
There will be an increase in the pressure on line fishing resources. 
lF: Disturbance to Estuarine Environment 
Increased numbers of boats being launched and anchoring in the estuary would 
adversely affect the saltmarshes and zostera beds. 
Increased bait collecting pressure will result in the disturbance of the fragile 
saltmarsh ecosystem. 
Additional ski boats using the estuary in the vicinity of the saltmarshes will 
increase sediment and bank disturbance. 
2H: Biotic Disturbances 
Marine and estuarine life will be subjected to greater disturbance and 
exploitation, e.g., bait organisms, shellfish, tidal pool organisms, fish, whales, 
and waterfowl. 
11 = 2D: HIGHER RATES AND MORE REGULATIONS 
11: Increased Cost to Local Inhabitants and Local Authority 
The development may lead to a demand for a high level of services (e.g., tarred 
roads, water, electricity, sewerage), which would be expensive to local 
inhabitants and the local authority. 
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The cost of the reservoir may be forced on the local authority if the development 
fails. 
Services provided for the new township will result in additional costs to lnfanta 
property owners. 
2D: Rates and Regulations 
Increased rates and new regulations would beiimposed on residents by local 
government for providing services and maintenance of facilities (e.g., tidal pool) 
beyond what is presently wanted or required. 
lG = 2B + 21: Losses to Terrestrial Systems 
lG: Disturbance and Destruction of the Terrestrial Environment 
·Loss of lowland fynbos and its associated habitat due to site clearance. 
Spread of alien vegetation due to construction activities. 
Disturbance of birds and game by increased numbers of people in the area. 
Erosion due to wind and run-off during the construction phase will result in a 
loss of top soil. 
The housing development and access road to the dump will render the private 
nature reserve vulnerable to intrusion and conS'equently less viable. 
2B: Soil and Vegetation Losses 
Excavations and roads will reduce fynbos in the area and increase erosion. 
A lowering water table may destroy indigenous vegetation, some of which may be 
threatened species. 
21: Damage to Nature Reserve 
The local private nature reserve may suffer fires, trampling, infestation by alien 
vegetation and invasion by Argentine ants. 
Impacts Identified by One Panel Only 
lC: Loss of Archaeological Sites 
Archaeological sites and shell middens would be lost during the construction of 
the pool 
2K: Litter 
The rubbish dump will be a source of wind-blown litter. 
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Environmental Aspect Analysis - Case Study 1 (Groenrivier) 
(Excerpted from Stauth; 1982b, pp.lb-IS' ) 
ENVIRONMENTAL ASPECT ANALYSIS: GROENRIVIER SYSTEM 
After having described the present biophysical and socioeconomic 
components of the system, an environmental aspect analysis was 
undertaken in which the potential utility of the system was 
assessed in order to identify the most promising management 
options. This was accomplished by determining a number of 
general uses to which the system's resources could be put (nine 
were selected), and then' rating all aspects of the system which 
were relevant to each use. The rating was done by a small 
group of individuals who were familiar with a large number of 
other systems around the South African coast so that they 
could rate Groenrivier aspects against the average condition of 
these aspects elsewhere in the country. 
The nine possible uses of estuarine resources considered were 
developments associated with (1) fisheries, (2) harbours, (3) 
transport, (4) mining, (5) forestry and agriculture, (6) industry, 
housing and commerce, (7) water storage, (8) recreation and 
tourism, and (9) conservation and scientific research. All 
aspects considered relevant to each use were defined and rated 
on a 7-point scale to indicate their condition or suitability 
relative to the average for other systems around the coast. 
The results are summarised as follows. 
Fisheries: The potential contribution of this system to 
estuarine· and marine fisheries is virtually nonexistent. Since 
there is rarely contact with the sea, plant nutrients are not 
transported to coastal waters and the estuary cannot serve as 
a nursery area for larval and juvenile stages of marine 
organisms. Conditions are also not suitable for aguacul ture due 
to variable salinity, lack of freshwater, and other 
considerations. 
Harbours: There are no sites physically suitable for harbours 
and anchorages, and in any case this area has very poor access 
to towns, industries, and transport networks. 
Transport: The terrain in the estuarine zone is quite suitable 
for the construction of roads, railway lines, pipelines, and 
powerlines. However, there is virtually no demand for these 
development~ The frequent fog conditions make the zone 
unfavourable for the establishment of an airport. 
Mining: Pot~ntial for mining shell, .sand, and gravel, and 
potential for salt production operations, is above average. The 
potential for mining valuable minerals (specifically diamonds) 
appears to be high. 
Forestry and Agriculture: The suitability of the estuarine zone 
and catchment for forestry operations is nil. The agricultural 
potential of the estuarine zone and catchment is below average 
to low. there is no reclamation potential in the estuarine zone, 
and negligible potential for irrigation projects in the estuarine 
zone and catchment. 
Industry, Housing and Commerce: Socioeconomic demand for new 
industries, homes and business is virtually nonexistent. There 
are suitable sites for such developments; however, the 
availability of freshwater for industrial and household 
consumption is totally inadequate. The potential of the 
estuarine and coastal zone to process and assimilate waste 
products is judged to be very low. 
Water Storage: There are no suitable sites in the estuarine 
zone for barrage and other water storage schemes, and there 
are no sites in the catchment for dam construction. In addition, 
there is little demand for additional water storage capacity in 
the area to accommodate present uses (small stock and wheat 
farming). 
Recreation and Tourism: The suitability of the estuarine zone 
for recreational activities is judged to be above average to 
high. However, there is little prospect of attracting a 
significant number of tourists to the area, at least for the 
foreseeable future. (As other areas become more congested, it 
seems probable that this area would appeal to more people.) The 
capacity to accommodate more recreationists and tourists 
(without incurring significant congestion effects) is rated above 
average to high. 
Conservation and Scientif.ic Research: The area's potential 
significance for species and ecosystem conservation is rated as 
above average to high. While there are no known rare or 
endangered species, there are several species which are endemic 
to Namaqualand. In addition, the lagoon is a unique ecosystem 
and the area contains relatively unspoiled ecosystems which are 
representative of this part of South Africa and which are 
presently not protected anywhere else. The significance of the 
area's aesthetic and pristine quality is rated high to 
exceptional. There appear to be no significant historical or 
cultural sites apart from potentially valuable strandloper midden 
deposits. Finally, the importance of the system's ecological 
functions to any conceivable socioeconomic developments is 
thought to be low. 
Based on this analysis, the management options are to plan 
developments relating to mining, recreation, and conservation and 
scientific research. 
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Required Value of Initial Year's Recreational Benefits to 
Exceed Value of Mining Development - Case Study 1 
(Groenrivier) 
(Excerpted from Stauth, 1982a, pp.114-116) 
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REQUIRED VALUE OF INITIAL YEAR'S RECREATIONAL BENEFITS 
TO EXCEED VALUE OF MINING DEVELOPMENT 
The following table illustrates various values for the initial year's 
recreational benefits which would be required to exceed the present 
value of park costs and (foregone) net mining benefits if different 
assumptions are made regarding the appropriate discount rate and 
changes in the relative value of recreational benefits. For 
example, if the discount rate is 8%, and the real price of recreation-
al benefits increases 4% per annum while the quantity demanded at 
the given price increases 7,5% per annum, then the present value of 
one Rand's worth of initial year's recreational benefits is R123,50. 
Since the present value of park costs and net mining benefits, dis-
counted at 8%, is R27 538000, the initial year's recreational 
benefits must.be worth at least R222977 for the park to be pre-
ferred over mining. 
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Rate of discount 
R = Rate of price growth 
G = Rate of demand growth 
PV = Present value of one Rand's 
recreational benefits 
PVD = Present value of park costs 
benefits (millions) 
BPI = Initial year's recreational 
<TIME HORIZON: 20 years mining; 
50 years park) 
R G PV 
8% 4% ~5% R123,50 
8 4 10,0 150,50 
8 4 12,5 212,40 
8 5 7,5 167,80 
8 5 10,0 201, 60 
8 5 12,5 287,50 
8 6 ·~5 230,90 
8 6 10,0 272,90 
8 6 12,5 392,60 
9 4 7,5 93,40 
9 4 10,0 115, 10 
9 4 12,5 160,70 
9 5 7;5 124,90 
9 5 ·10,0 152,10 
9 5 12,5 214,70 
9 6 7,5 169., 30. 
9 6 10,0 203,20 
9 6 12,5 289,90 
worth of 
and net mining 
( 
benefits 
PVD BPI 
R27,5M R222 977 
.. 
27,5 182 972 
27,5 129 633 
27,5 164 087 
.27,5 136 592 
27,5 95 780 
27,5 119 255 
27,5 100 887 
27,5 70 127 
24,6. 263 895 
24,6 214 046 
24,6 153 368 
24,6 197'347 
24,6 162 020 
24,6 114 742 
24,6 145 574 
24,6 121 232 
24,6 84 987 
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R G PV PVD · BPI 
10% 4% 7,5 R 71,90 R22,3M R310 580 
10 4 10,0 89,50 22,3 249 612 
10 4 1~5 123,40 22,3 181 072 
10 5 7,5 94,60 22,3 236 184 
10 5 10,0 116, 60 22,3 19 r 665 
10 5 1~5 162,80 22,3 137 255 
10 6 7,5 126,20 22,3 176 988 
10 6 1qo 153,70 22,3 145 376 
10 6 12,5 217,10 22,3 102 913 
10 0 0 10,00 22,3 2 234 000 
10 0 2 12,50 22,3 1 787 200 
10 0 4 16,30 22,3 1 370 552 
10 0 6 22,40 22,3 997 321 
10 0 11 , 10 22,3 2 012 613 
10 2 14,30 22,3 562 238 
10 4 19, 10 22,3 169 634 
10 6 27,00 22,3 827 407 
10 2 0 12,50 22,3 787 200 
10 2 2 16,40 22,3 362 195 
10 2 4 22,70 22,3 984 141 
10 2 6 33,20 22,3 672 892 
10 3 0 14,20 22,3 573 239 
10 3 2 19,20 22,3 163 542 
10 3 4 27,30 22,3 818 315 
10 3 6 41,60 22,3 537 019 
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DESCRIPTION OF THE STUDY 
Two alternative land uses have been proposed for the Rietvlei -
Milnerton l agoon area : (a) an inland marina development, and 
(b) a proclaimed nature area . 
•J , 
2. The object of this study is to determine which use will bring the 
greatest net benefits to society. 
3. Two pane l s are being assembled to evaluate the alternatives. An 
impact identification panel (composed of experts, concerned parties, 
and members of the impact weighting panel) will identify and define 
the impacts which could result from each proposal. These impacts 
will then be investigated by appropriate experts, and estimates of 
their magnitude will be compiled in an environmental impact report. 
An impact weighting panel, composed of individuals who are "generalists" 
and considered to be "neutral" or unbiased, will review this report 
and appraise the social significance of the impacts. 
4. The Delphi technique will be used as the assessment procedure by both 
panels. Delphi is a forecasting and evaluation technique for obtaining 
subjective but informed judgments when there is a lack of objective, 
quantifiable data. The technique enhances information exchange and 
promotes consensus through anonymous debate, controlled feedback, and 
statistical group response . "Individuals compare their own assessments 
with those made by the group as a whole, and are given the opportunity 
to modify their response or communicate new information which may 
modify the group response. After two or three iterations , group 
thinking generally evolves toward a consensus. 
5. Members of the impact identification panel will be asked to read the 
present document and then make a short visit to the site for orientation 
(transportation to be arranged at a convenient date) . 
Panel members are to consider the possible impacts (both positive and 
negative) which could result from each land- use proposal, list these 
impacts on the "Impact Identification Forms" provided, and return these 
forms at an early date to the coor dinator in the self- addressed envelope 
provided. 
The coordinator will compile and suIIll!larize the individual lists of 
impacts for distribution to the panel members, who will then be asked 
to (a) approve or disapprove of the wording of the impact statements, 
and (b) suggest new wording or add new impact statements, giving any 
reasons they care to offer. 
The process will be repeated until all impacts have been identified 
and there i s general agreement as to how they should be defined. 
6. Investigat i ons by a team of experts will be conducted to assess the 
magnitude of the impacts and obtain other information needed by the 
impact weighting panel. 
7. Members of the impact weighting panel will be asked to read the 
environmental impact report and then attend a half-day meeting (date 
and venue yet to be determined, but probably in February or March 
at UCT). Impacts will first be ranked, and then judgments will be , 
made as to their relative significance . The evaluation procedure 
will consist of several iterations of impact ranking and weighting, 
and feedback between iterations will include (anonymous) individual 
coIIll!lents and computer-generated histograms of group response. The 
object will be to compare the relative values of these impacts to the 
financial costs and benefits of the projects, and then calculate"con-
tingency prices" for selected impacts which can be evaluated for 
reasonableness. 

N~: 
202 
DESCRIPTION OF THE STUDY AREA 
Rietvlei-Milnerton lagoon 
Location: Approximately 10 km north-east of Cape Town, between Milnerton and 
Table View. 
Area and Boundaries: The vlei is a roughly triangular basin of approximately 
500 ha, into which the Diep River flows. The vlei area extends from the Blaauwberg 
Bridge to the Otto du Plessis Bridge. The lagoon is an estuarine system which 
extends some 4 km from the Otto du Plessis Bridge to the sea. Otto du Plessis 
drive runs along the eastern boundary of the lagoon and then follows thevestern 
boundary of the vlei. The boundaries of the proposed nature area are based 
largely on estimates of the 50-year floodline. 
Adjoining Areas: The vlei-lagoon area is bounded by residential and industrial 
developments on the north and east, and a narrow strip of largely undeveloped land 
on the west fronting Table Bay. The Milnerton golf course is situated on the west 
side of the lagoon, and some of the adjacent dunes support stands of unspoilt 
coastal vegetation. Extensions 7, 8, and 13 of Table View Township lie on the 
northern boundary of the vlei. While there are no roads or developments immediately 
adjoining the eastern boundary, there are several notable developments near the 
eastern side of the vlei: the Milnerton Sewage Disposal Works, sport fields of the 
Milnerton Sports Cl ub, Milnerton Race Course (Ascot), Fedmis fertilizer factory, 
and the Caltex petroleum refinery. To the south are the Salt River Power Station 
and Ysterplaat Air Station. 
Land Ownership: Milnerton Estates owns 69% of the area which would be included 
in the nature area , and S A Transport Services owns 31%. 
The Lagoon and its Present Uses: The lagoon is a fairly shallow and narrow 
system, with a depth ranging from 0,5 to 2,0 metres and an average width of 
approximately JOO metres (it is 150 metres at its widest point). It is a poten-
tially rich feeding ground and nursery area for fish, but the mouth is generally 
closed and so marine species have infrequent access to the area. The estuarine 
fauna is rather impoverished, but the lagoon is frequented by water birds. Local 
residents use the water body for canoeing and bait gathering. 
The Vlei and its Present Uses: The vlei is about 2 km wide and 1,5 km long, and 
the average elevation above Mean Sea Level is less than 2 metres. Vegetation is 
sparse and lacking in species richness, but the existing vegetation is highly pro-
ductive. Alien vegetation dominates the bordering scrubland and grass belt. The 
fauna is not particularly notable except for the great numbers of water birds, which 
tend to concentrate in the north-east sector. Several species of migratory water-
fowl frequent the area, and Rietvlei is considered to be one of the richest water 
bird areas in the western Cape. 
The Vlei presently supports limited cattle and sheep grazing but is not considered 
suitable for agricultural use. The area is also not considered suitable for 
conventional residential or industrial developments due to foundation problems and 
flooding hazards. There is no mineral potential. 
There is a permanent deep water area (up to 16 metres) called Flamingo Vlei in the 
north-western sector which is used by the Milnerton Aquatic Club for fishing, sailing, 
power boating, and water skiing. The low-lying area north of Flamingo Vlei is used 
by trail bikers. The Cape Radio Flyers Club has facilities for flying radio-
controlled model airplanes on the western side of the vlei. Visitors are allowed 
to this part of the vlei when flying is in progress, but in general public access 
to the vlei is restricted. 
General Considerations: Rietvlei-Milnerton lagoon is at the northern edge of a 
rapidly expanding metropolitan area in which there are few natural wetland areas 
and few suitable si t es for marina-type developments. This system appears to be 
uniquely suited for both uses. Wetland areas have recreation, conservation, and 
education value, and marina developments provide attractive residential areas . 
which may stimulate local and regional economic development. 
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DESCRIPTION OF THE MARINA PROJECT 
The: marina development has been planned as a water orientated community of over 
30,000 people, with a full range of housing types. There will be inland sailing 
areas, but no water access to the sea. Flood and water level control are key 
elements in the plan, to ensure that a safe and high quality environment wi ll 
always be maintained. 
The project will have a powerful impact on the structure and nature of Milnerton 
and_ could provide the future focal point for the local region. Phased development 
will take place over a 47-year period, with a projected 200 residential erven sold 
per year from year 16 . Net density (based on land area, excluding waterways) is 
52 p_ersons per ha. 
The; principal feature of the scheme is a 243 ha lake which will be dredged out of 
the vlei, and community lay-out is designed to provide maximum water-fronted develop-
ment. The community will have a wide variety of housing types: there will be 
approximately 3500 single residential units (four occupants per unit), 2600 group 
housing units (3,5 occupants per unit), and 3000 general residential units (2,5 
occupants per unit). Architectural and planning control will maintain overall 
coherence. 
Commercial areas are distributed throughout four major zones and cover about 16,5 ha. 
Plans also include six primary and three high schools (on 46,2 ha), a series of 
green belt systems linking homes to shops, schools, and recreational facilities 
(totaling 65,9 ha), and facilities for the local authority, police, and post office 
(8,46 ha). 
The Milnerton municipality will incur certain costs in providing new community 
services and then administrating and maintaining these services; however, i t is 
anticipated that these costs will be largely off set by increased revenue from rates 
due to a broader tax base and higher property values. 
Development actions include dredging of the lagoon, excavation and filling of the 
vlei, bank protection, a flood diversion weir, an estuary weir, a lake water 
augmentation system, a water quality control programne, demolition of existing 
st~uctures, removal of certain amenities (e.g., the golf course), landscaping 
improvements, and construction of new and improved roads and bridges. Additional 
to.wnship services include stormwater drainage to the vlei and lagoon by means of 
relatively small s t ormwater pipes or culverts, a waterborne sewerage reticulation 
system, water mains to be extended from the existing reticulation (no additional 
storage capacity required), underground electricity, telephone, and television 
. cab:les, and irrigat i on systems for green belt areas. 
The· large areas of water and open space will provide valuable recreational opportunities 
and a pleasing atmosphere for residents. The community will be a unique and attrac-
tive asset in the Cape peninsula region: inland sailing and power boating in the 
Cape is tremendous ly curtailed by the lack of suitable waterways, and this develop-
ment would provide a pleasant and convenient outlet for water-related activities 
in a sea-side setting. 
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DESCRIPTION OF THE NATURE AREA PROJECT 
Although a final management plan has not yet been developed for the nature area, 
a general policy and some provisional plans have been formulated and are described 
in what follows. 
The nature area will be managed for multiple use within the carrying capacity of 
the system. The goal will be to provide recreation, conservation, and education 
benefits to residents of the metropolitan region on a sustained-yield basis. In 
order to accomplish this goal, the area will be zoned and use limitations for each 
activity will be imposed as required. 
The Rietvlei area is on a major transport route and is conveniently situated for 
more than one million people from all socio-economic levels. Although recreational 
capacity has not yet been determined, it is anticipated that the area can accomodate 
upwards of 100,000 visitors per anntml. Staff will include one officer in charge, 
two assistants, and ten labourers. 
It is anticipated that all presently existing uses and activities will be allowed 
to continue - these include power boating, water skiing, sail boating, sail surfing, 
canoeing, fishing, hiking, bird watching, trail bike riding, model airplane flying, 
and picnicking. Many of these activities will be enhanced by the provision of new 
public amenities, such as bird-watching hides, ~6 km of hiking trails, inter-
pretative facilities, landscaped picnic sites, fish stocking programmes, eradication 
of alien vegetation, and wildlife management programmes. 
The eastern side of the vlei will be managed for conservation, the principal resource 
being the rich bird habitat. Access to certain portions of this area will be 
restricted, but a large region will be ringed by a self-guided, interpretative 
trail. The trail head will be located at the main parking area north of the Otto 
du Plessis Bridge on the west side of the vlei. An interpretation centre located 
at this site will contain a musetml exhibiting the local flora and fauna, an audio-
visual room featuring slides and movies of the area, and a room containing a 
variety of displays describing the history and features of the area. This facility, 
along with the hiking trail through a natural ecosystem, will be of special interest 
to the more than 400 schools and colleges in close proximity. Also of educational 
interest will be a research facility managed by the Cape Department of Nature and 
Environmental Conservation. 
The western side of the vlei (which includes the deep water "Flamingo Vlei" area) 
and the lagoon will be managed for recreation. Water sports will be featured, but 
the area will provide a venue for many other outdoor activities. The banks of the 
lagoon will be maintained as parkland and will feature picnic areas. The western 
vlei will accomnodate trail bike riding, model airplane flying, braaiing, and 
picnicking. 
The nature area will constitute one of the largest general open-space areas in the 
metropolitan region, offering a large and growing population convenient access to 
an area featuring several desirable natural features: vlei, lake, lagoon, dunes, 
beach, and a view of Table Mountain across the bay. 
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APPENDIX 
COMPONENT ADVICE NOTES 
Many of the physical, biological, and socioeconomic components of the 
existing system could be substantially modified by one or both of the 
proposals. These notes briefly describe the principal functions and 
pot~ntial uses of key components in the coastal system which (1) may 
be considered socially significant, and (2) could be impacted by one of 
the management plans. The object is to provide assessors with a check-
list or guide which will assist in the identification of potentially 
significant impacts. 
Physical Components 
Flood plain 
Lakes 
Islands 
Mudflats 
Lagoon 
Lagoon Mouth 
Freshwater 
Saltwater 
Tidal Exchange 
Longshore Currents and 
Waves 
Beaches and Dunes 
Marine Sediments 
Freshwater Sediments 
Nutrients 
Biological Components 
Terrestrial Vegetation 
Marginal Vegetation 
Marshes 
Aquatic Macrophytes and Plankton 
Invertebrates 
Vertebrates 
Socioeconomic Components 
Historic Sites 
Golf Course 
Roads 
· Commercial Enterprises 
Houses and Household Sewage 
Industries and Industrial Effluent 
Tourists and Recreationists 
Power Boats 
Holistic Component 
Vlei-lagoon System as Integrated 
Component 
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PHYSICAL COMPONENTS 
Flood Plain 
The flood plain serves as a flood absorption dam, mitigating the flood 
hazard to surrounding communities, and stores and regulates normal flows 
of water through the system, thus maintaining balanced water levels in 
wetland areas and the lagoon. The flood plain can also have general, 
open-space recreational uses, and may be considered an important aesthetic 
landscape feature. 
Lakes 
Flamingo Vlei provides a semi-exclusive recreational area featuring water-
related activities, such as fishing, swimming, sailing, power boating , and 
water skiing . The lakes have aesthetic appeal and provide variety in the 
landscape. 
Islands 
Small islands found in the system (depending on water levels) offer special 
refuge and protection to waterfowl and other wildlife. They also add 
variety to the landscape. 
Mudflats 
Regularly inundated mudflats provide rich feeding areas for bi rds (when 
water conditions are low) and for fish (when water conditions are high). 
These areas also constitute nutrient sinks and so play a role in the bio-
geochemical cycling of nutrients. 
Lagoon 
The bed of the lagoon provides habitat for bottom-dwelling organisms. 
Nutrients are cycled through nitrate and sulphate reduction in anaerobic muds. 
Submerged plants produce oxygen and food for fauna, including bait organisms 
and fish. Canoeists and wind-surfers use the water body for uncrowded 
recreation. The banks of the lagoon provide shade and shelter for fish, 
picnic sites and walking areas, and open, aesthetically-pleasing surroundings 
for residents and passers-by. 
Lagoon Mouth 
The mouth of the estuarine system permits an exchange of physical> chemical, 
and biological elements between the marine and freshwater environments. The 
mouth is the point of ingress/egress for: 
(a) sediments (determines shape of mouth and channels, location 
of reedbeds and saltmarshes); 
(b) chemicals and water (needed for maintaining critical habitat 
parameters); 
(c) nutrients (needed for biological productivity); and 
(d) marine fish and other biota (provides access to feeding and 
nursery grounds). 
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Freshwater 
River water entering the system maintains critical habitats for aquatic 
vegetation, waterfowl, wildlife, and fishery resources. When the mouth 
is open, freshwater flow transports nutrients to coastal waters which 
can increase marine productivity. Riverflow also plays a role in the 
biogeochemical cycling of nutrients, and the processing and assimilation 
of waste products (sewage, agricultural runoff, pesticides, solid waste, 
trace metals, and heat). Finally, freshwater is an essential element in 
several recreational activities (swimming, fishing, boating, etc.) and 
enhances the aesthetic quality of the area both directly (in its visual 
appeal) and through maintaining the health of the ecosystem. 
Saltwater 
Saltwater is needed to maintain habitat conditions for estuarine species 
and temporary marine residents. Saltwater also induces flocculation and 
precipitation of sediments and nutrients. 
Tidal Exchange 
Tidal action brings about the exchange of nutrients, sediments, plankton, 
uprooted macrophytes, and fish between the marine and river elements. The 
title's scouring and filling action affects the position and shape of 'the 
lagoon's mouth, as well as the placement of sand bars and beaches around 
the mouth. Tidal flows also stimulate growth of saltmarsh vegetation, and 
expose mudflats and sand flats for bird feeding and bait collecting. 
Longshore Currents an,d Waves 
Currents and waves are erosive mechanisms which alter coastal features 
(including the position and shape of a river mouth), and transport mechanisms 
for marine sediments (which determine the distribution and rate of deposition 
or removal of coastal sediments). 
Beaches and Dunes 
Beaches and dunes constitute a dynamic interface zone between the land 
and the sea. They act as a buffer against wave erosion, can affect the 
position and type of mouth of a coastal lagoon or river system, and are 
important aesthetic and recreational features of the coastal landscape. 
Marine Sediments 
Marine sediments provide materials for beach and dune formations, sand 
flats, and sand bars which block. river mouths and provide habitat for 
some organisms . 
Freshwater Sediments 
Fine sediments can smother bottom-dwelling organisms, fill the river channel, 
and close the mouth. Mud deposits promote the spread of reedbeds and 
restrict water-related recreation. 
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Nutrients 
Increases in nutrient levels can increase biological productivity, which 
sometimes leads to algae blooms and eutrophic conditions. Nutrient levels 
affect the turnover of biomass and species composition/diversity. 
BIOLOGICAL COM.PONENTS 
Biological components add interest and beauty to the lands cape, and perform 
ecological functions which benefit man. Plants convert radiant energy to 
chemical energy and take up nutrients to forr:J. the base of the food chain. 
Larger plants provide special habitat for animals - critical habitats 
include areas for feeding, resting, hiding, breeding, and nesting. Animals 
are sources of secondary productivity which form higher links in the food 
chain. Each speci·es exploits a different niche, and this leads to a high 
level of diversity and a complex system of dependencies, some of which 
support, or are beneficial to, man. 
Terrestrial Vegetation 
Trees, shrubs, and grasses bind the soil and facilitate percolation of 
rain water, thus slowing erosion and recharging groundwater stores. 
Indigenous vegetation has aesthetic value and is of special scientific 
interest, particularly rare, endangered, and endemic species. Invasive 
alien vegetation can displace the indigenous species and greatly trans-
form the landscape. 
Marginal Vegetation 
Plants which favour the water's edge.provide 
life and help stabilize banks and shoreline. 
up nutrients, traps silt, and builds up land 
shade and shelter for animal 
This vegetation also takes 
and muddy areas. 
Marshes 
( 
Marshes produce detritus, the decaying plant material which is an important 
food source for many organisms, including-filter and deposit feeders, 
estuarine fishes, and juvenile marine fishes. Marshes also serve to: 
(a) buffer other components from floods; 
(b) store and regulate the release of water; 
(c) store and cycle nutrients; 
(d) trap sediments to prevent siltation downstream; 
(e) clean air and water; 
(f) provide critical habitat (breeding, feeding, and nursery 
areas for many faunal elements); and 
(g) provide a unique recreational resource for the local 
community. 
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Aquatic Macrophytes and Plankton 
Larger water plants provide shelter and oxygenated water for fauna and 
are a source of detritus. Phytoplankton are primary producers and, along 
with zooplankton, are sources of food for aquatic invertebrates and 
vertebrates. 
Invertebrates 
Some invertebrates are scavengers and so perform an organic waste disposal 
function. Burrowing animals increase the productivity of a system through 
sediment turnover, aeration, and nutrient enrichment. Some of these 
animals are desirable bait organisms. Invertebrates also constitute links 
in the food chain and so serve to support populations of higher animals. 
Vertebrates 
Fishes, birds, and mammals are among the more conspicuous and interesting 
features in the landscape. They serve ecological, aesthetic, recreational, 
and educational functions. Fishes may be of commercial value, and birds -
particularly migratory waterfowl - may be of national and even international 
interest (South Africa is a signatory to the Ramsar Convention which is 
intended to protect important wetlands and their biota). 
SOCIOECONOMIC COMPONENTS 
Historical Sites 
Although there are no designated historic sites in the system, the area is 
a reminder of past conditions and use~, and some features of historical 
interest may still be identified. Many historical maps, diaries, reports, 
and other documents refer to various features of the vlei, and comparisons 
of historical accounts with present conditions is of scientific and general 
interest. 
Golf Course 
A principal recreational feature is the golf course, situated between the 
lagoon and the sea, with a panoramic view of Table Mountain. 
Roads 
Existing roads separate the vlei, lagoon, and dune/beach systems, and 
traffic may reduce the aesthetic and recreational value of the area. New 
roads would facilitate the transport of goods and people, but would also 
remove more habitat and form new barriers to the exchange of physical and 
biotic elements. 
Commercial Enterprises 
\ 
New businesses in the area would provide jobs and be a source of goods and 
services for residents and visitors; however, commercial activities would 
have secondary impacts which may be undesirable (e.g., physical congestion, 
changes in social networks, increased demand for natural resources, etc.). 
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Houses and Household Sewage 
New houses in the area could enhance the community, but they would also 
eradicate natural vegetation, destroy wildlife habitat, spoil scenic features 
and produce waste products. Household sewage can increase nutrient levels 
and pathogens in water bodies, and can lead to aesthetically displeasing 
conditions. 
Industries and Industrial Effluent 
Existing industries in the area are sources of air pollution, represent 
potential sources of water pollution, and are visually obtrusive. This · 
may reduce the aesthetic and recreational value of the area and endanger 
health. New industries attracted to the area would provide jobs and produce 
useful products, but they would generate more waste products and could 
further degrade the scenic quality of the area. Industrial effluent damages 
terrestrial and aquatic biota, reduces species diversity, is aesthetically 
displeasing, and can be injurious to human health. 
Tourists and Recreationists 
Tourists and recreationists attracted to the area would provide job opportun-
ities for the local population and revenue for local businesses; however, 
increased demand for services from the natural and social environments could 
lead to despoilation and congestion. 
Power Boats 
Boats are vehicles for desirable recreational opportunities; however, they 
can be noisy, sometimes discharge pollutants into water, and generate wave 
action which erodes banks. 
HOLISTIC COMPONENT 
The vlei-lagoon and adjacent coastal elements can be regarded as a single 9 
integrated system. Some of the special functions and uses of integrated 
coastal components are described in general terms as follows. 
Being part of the natural interface between river, land, and sea, such 
systems serve to maintain a dynamic equilibrium among coastal elements at 
low cost to man, and play a role in biogeochemical cycling. These systems 
are generally noted for their high species diversity, richness, and biomass. 
They can provide critical habitat for rare and endangered species, areas 
for scientific research, and sites for specialized recreational activity. 
They may also be regarded as aesthetically unique areas, which present a great 
variety of elements to the discerning eye. Finally, such systems may have 
significant but as yet undiscovered functions and potential uses. 
ILLUSTRATIVE MATERIAL 
APPENDIX DD 
Initial Listing of Impacts - Case Study 3 (Rietvlei) 
(Excerpted from Stauth, 1983b, pp.294-301) 
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UNIVERSITY OF· CAPE TOWN 
(WITH WHICH IS INCORPORATED THE SOUTH AFRICAN COLLEGE) 
TELEPHONE (021) 698531 
TELEGRAMS "ALUMNI CAPE TOWN" 
TELEX 57-22208 
UNIVERSITY PRIVATE BAG 
RONDEBOSCH. 7700 
SOUTH AFRICA 
SCHOOL OF ENVIRONMENTAL STUDIES 
20th December, 1982. 
ENVIRONMENTAL EVALUATION STUDY RIETVLEI-.MILNERTON LAGOON SYST&\1 
Dear 
Please find enclosed a synthesis of comments received to date identifying the 
impacts which could result from both the marina project and the nature area 
project. Regardless of whether you have re.turned your Impact Identification 
Forms, I would appreciate your comments on the impacts as de.fined in the accom-
panying lists. It is important that.panel members are in general agreement as. 
to the way impacts are. defined. 
The following points should be noted: 
1. Impact statements which were very similar to others or whi.ch 
could be considered as a sub-category of impact have been aggregated 
and stated in a more general.form. Tl:i..is was done to avoid over-
lapping and to reduce the number of impact statements to a more 
man~geable level. 
2. Impact statements have been phrased to ind.icate how individuals 
and society will be affected (.i_.e. attention is drawn to the way 
impacts on the biophysical environment will affect the socioeconomic 
environment}. This was done because the Delphi r.leeting will be 
primarily concerned with determining how the proposed projects will 
affect social well-being. 
3. Since benefits associated with one project can also be regarded 
as foregone opportunities - and therefore costs - of adopting the 
other project, it is possible to phrase all impacts in terms of costs. 
(For example, adoption of the. nature area project would mean foregoing 
the opportunity which the marina project offers of creating employment 
and stimulating business, and so this beneficial impact of the marina 
project - "generating new jobs and income" - can be counted as a cost 
of the nature area project - "lost opportunity for generating ne.w jobs 
and income".l All impacts have been stated as costs in order to prc-
duce a list of costs only for each project. This will greatly facili-
tate analysis in the forth.coming Delphi meeting. 
Before conducti~g investigations into the magnitude of these impacts, we wish to 
ensure that panel members are generally satisfied with the clarity and complete-
ness of the impact statements. You are therefore requested to read the impacts, 
and make any comments (either directly on the sheets or on a separate piece of 
paper) and post them to me in the addressed envelope provided. Comments are 
solicited on the following: 
1. Are you satisfied with the impact statements as defined? If not, please 
suggest alternative impact statement definitions. (It is not necessary at this 
stage to express opinions as to the significance of the impacts.} 
--------------------
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2. Do any of the impacts overlap br interact to a significant· degree? If so, 
please state which ones should be combined and suggest how the new impact 
statement should be phrased. 
3. Are you satisfied that the list of impac~s is complete? If not, please 
add new impact statements to the list. 
Thank you for your continued cooperation. It would be_ greatly appreciated 
if you could reply within a few days of receiving this letter so that a 
revised list of impacts can be prepared and reviewed, and the potential 
impacts investigated, before the Delphi meeting in February/March. 
Sincerely yours, 
Roy Stauth 
Senior Research Officer. 
RS/hlnk. 
--r< __ ,_ w---··.-- -··· •·••-;•.v-;:-•---·· -••••.--1.7• --,•·-~ .-;---•-.----.------·--:-·- ', --, ., -;-. - ~ • •·•·• •• 
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UNPRICED COSTS OF THE NATURE AREA PROJECT 
l. NOISE POLLUTION 
Certain.recreation activities may create a disturbing level of noise: 
a) power boats on Flamingo Vlei may be heard from Table View 
township and parts of the vlei; 
b) trail bike riding and model aircraft flying may be heard from 
many parts of the vlei, as well as from adjoining dunes, beaches, 
and residential areas. 
2. UNDESIRABLE BIOLOGICAL ELEMENTS 
Certain species could proliferate and become pests in the local area: 
a) snakes could infest adjoining gardens and houses; 
b) mosquitoes could breed in the water and annoy local residents; 
c) birds using the vlei may become.a nuisance when roosting in 
residential areas. 
3. DANGER TO PUBLIC SAFETY 
The large, open area could harbour dangerous persons, and the absence of 
flood control measures means some homes would be threatened with flooding: 
a) vagrants, muggers, and rapists could frequent the area and victimize 
residents and visitors; 
b) periodic floods could result in property damage or loss of life. 
4. LOST JOBS AND INCOME 
Failure to implement the marina project would mean foregoing opportunities 
to create more jobs and generate more income in the private and public 
sectors: 
a) employment opportunities during the 47~year construction period of 
the marina project would be lost; 
b) building co~tractors and suppliers would lose potential business; 
c} the stimulative (or multiplier) effect to local business and industry 
would be foregone; 
dl the small craft industry would lose an opportunity to expand its 
market; 
e) the Milnerton municipality would for.ego increased revenue from rates 
which could be derived from the marina project. 
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5. LOST OPPORTUNITY TO IMPROVE CHARACTER AND AMENITY VALUE OF 
MILNERTON AND GREATER CAPE TOWN 
Failure to ir!).plement the marina project would mean foregoing opportilnities 
to improve certain conditions in the local and regional urban environments: 
a) the opportunity to give Milnerton a "focus" which could generate 
strong community pride would be lost; 
bl the opportunity to offer a unique waterfront housing development 
close to the centre of Cape Town would be lost; 
cl the opportunity to offer expanded watersport facilities (.associated 
with the 243 ha lake) to the metropolitan population would be lost; 
d) the opportunity to create an attractive built environment (which may 
be more aesthetically pleasing to the average person than the flat, 
open, relatively featureless natural environment} would be lost; 
e) the opportunity to reduce pressure for housing in o:ther parts of 
metropolitan Cape Town would be lost. 
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UNPRICED COSTS OF THE MARINA PROJECT 
1. REDUCED LANDSCAPE DIVERSITY AND AESTHETIC QUALITY 
The loss of open space, natural features, and bio~ogical elements will 
diminish the variety and beauty of the present landscape: 
al the loss of open space and natural features in a predbminantly 
built-up area will make the landscape more uniform and monotonous; 
b) increases in litter, sewage, and other wastes may have aesthetic 
impacts within the project area and in adjacent areas (both land and 
sea); 
c) water quality may deteriorate due to increased PQllution, nutrient-
enrichment (from sewage and run-offl, siltation~ hydrogen sulphide·· 
production and algal decay Cf~om stagnation, stratification, and 
deoxygena tion) ; 
d) the destruction of biological habitat and sources of primary production 
would reduce the numbers and therefore the visual impact of some 
populations, particularly highly-valued species of water birds. 
2. GENETIC LOSSES 
Potentially valuable genetic information could be lost if gene pools are 
not maintained at safe levels: 
.. , 
a) the loss of highly productive wetlands will reduce critical habitat 
available to certain rare and endangered species; 
b) another link in the system of wetlands used by migratory species of· 
water birds will be eliminated, and this could endangerthe viability 
of some populations; 
c) reductions in local plant and animal populations due to habitat 
destruction and disruption of ecological processes .may threaten 
general losses of genetic diversity and co-evolutionary develop.ments 
of scientific interest. 
3. LOST OPTIONS 
Potentially valuable resource .options may be lost when the natural 
environment is substantially altered: 
a) certain components of the biophysical environrilent .may perform important 
but still undiscovered functions benefiting the socioecono~icenvironment; 
bl the destruction of natural resources precludes exercising future 
options for resource utilization which.may arise as a result of new 
discoveries. · 
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4. LOST LEGACY 
Part of society 1 s natural and cultural heritage would be irretrievably lost: 
a) the loss of another natural area, and knowledge that fewer natural 
places now exist, would disturb some people; 
b) an area of historical interest would be lost, including historic structures 
(e.g. t the WOOden bridge} and natural features (_e.g. I the Vlei, Which 
featured in many early maps and diariesL 
5. LOST EDUCATIONAL AND RESEARCH FACILITY 
The opportunity to provide over 400 schools and colleges, as well as 
other educational and research organizations, with a 11natural classroom 
and laboratory" would be lost: 
a} students in the metropolitan area would lose an opportunity to get 
direct lessons in nature study in an interesting transitional zone 
where several ecosystems meet (e.g., riverine, freshwater wetland, 
estuarine, dune, marine, terrestrial, urban, etc.L; 
b) an opportunity to promote greater awareness of nature in an urban 
population through direct contact with. a natural system would be 
lost; 
c} a natural laboratory for ecosystem research, including basic ecosystem 
functioning, monitoring of polluti.on impacts on natural ecosystems, 
and rehabilitation of damaged ecosystems, W.Ould be lost. 
6. LOST RECREATION AND TOURISM BENEFITS 
Opportunities for several outdoor recreational pursuits will be diminished, 
and the area's appeal to tourists may be impaired: 
a} the loss of space for outdoor recreational activities in an urban 
setting may increase sociological pressures and decrease the quality 
of life - reducing the area available for hiking, bird watching, 
horse riding, trail bike riding, flying model aircraft, etc. would 
deprive metropolitan Cape Town 1 s large and rapidlz growing population 
of adequate recreational opportunities; 
b) if water quality in the dredged lake and lagoon system deteriorates 
(due to difficulties in maintaining constant levels, adequate depth, 
mixing, purity, etc.), the recreational utility of the area's water 
resources could be lost; 
c) tourists may feel there is less of interest to see in the area lif the 
variety of birds is reduced, and the interesting juxtaposition of 
- . . . -:- ·~ . .. -. -~. 
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natural elements - e.g., vlei, l.agoon, dunes, beach, and sea -
is lost, which also provides enhanced views of Table .Mountainl, 
and tourism revenues in the Cape Peninsula may decline. ' 
7. INCREASED RISK OF PROPERTY DAMAGE AND LOSS OF LIFE .FRO.M .FLOODING 
Flood controls to compensate for the loss of the floodplain may prove 
inadequate: 
a) homes in the surrounding area, as well as marina homes, may be 
subject to flood damage; r 
b} extreme floods would threaten residents in the flood zone with 
injury or loss of life. 
8. INCREASED RISK TO HEALTH'i PROPERTY, AND WELL-BEING .FROM AIR 
POLLUTION 
Air quality may deteriorate if more of the area's natural vegetation 
(which serves as a "green lung"l is displaced by the built environment; 
al the loss of vegetation in an area subjected to significant levels 
of air pollution may increase health hazards; 
bl higher f)?Uution levels could damage property and increase inaintenance 
costs; 
c) increased awareness of air pollution through.visual and olfactory 
perception could reduce the amenity value of the area; 
d} air pollution impacts could lower property values in the area. 
9. CONGESTION EFFECTS 
The influx of new residents and visitors to the area could impose a 
significant burden on present residents and users of the area.: 
a) increased noise pollution from boats on the new lake may disturb 
local residents; 
b) greater traffic congestion in the local area may increase travel time 
and psychological costs for residents, or lead to higher rates and 
taxes for improved roadworks; 
c) some residents could have views blocked.or spoiled; 
d) residents who were attracted to the area by the present conditions 
and atmosphere might regret that the character of the area has been 
irreversibly altered; 
e) increased crowding of water areas, beaches, and dunes will degrade 
certain aspects of these features, or inhibit some uses; 
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f) overuse of the area's amenities may necessitate bothersome 
regulations and expensive control measures. 
10. INCREASED SOCIAL TENSION 
The marina project could create greater social pressures: 
a1 existing social atld racial amimosities could be exacerbated by 
resentment that a general amenity will be lost and only a few 
priviliged families will signi£icantly benefit from the project; 
bl conservationists could resent the loss of potential jobs and 
opportunities to promote their cause; 
cl development of a high quality residential scheine could result in 
pressure to restrict further industrial development in the general 
area; 
d) the long construction period could disrupt the Milnerton area £or 
much of the 47 years which will be reqilired to complete the project; 
el there is a possibility that the project may not be satisfactorily 
completed or maintained due to changes in market conditions, or 
a lack of resources or skills on the part of the developer or the 
municipality. 
ILLUSTRATIVE MATERIAL 
APPENDIX EE 
Revised Listing of Impacts - Case Study 3 (Rietvlei) 
(Excerpted from Stauth, 1983b, pp.302-310) 
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UNIVERSITY OF CAPE TOWN 
!WITH WHICH IS INCORPORATED THE SOUTH AFRICAN. COLLEGE) 
TELEPHONE (021) 698531 
TELEGRAMS "ALUMNI CAPE TOWN" 
TELEX 57-22208 
UNIVERSITY PRIVATE SAG 
RONDESOSCH. 7700 
SOUTH AFRICA 
SCHOOL OF ENVIRONMENTAL STUDIES 
3rd February; 1983. 
ENVIRONMENT P.L EVALUATION STUDY RIETVLEI-MILNERTON LAGOON SYSTEM 
Dear 
Please find enclosed a revised list of impacts for the nature area 
project and the n:erina project. If you are satis(ied with the way all 
unpriced costs have been defined, simply retain this document.and bring. 
it with you to the Delphi meeting which will be held in March. If you 
are not satisfied with any of the definitions, please send me your 
comments and I will revise this document. again. 
I have tried to accomm::>date all the comments which have been received, 
but. for various reasons sorre may have been omitted. For exanple, 
monetary impacts and in~acts which are comnnn to both projects have been 
_ excluded. Please note that the sub-categorie::J of each impact are 
intended as explanatory staterrents, and these may so11Eti~s appear to 
overlap. 
The half-day Delphi meeting is now planned for sometime in March at '-
U .C.T. You will be notified of the date, time and venue at a later date. 
Thank you for your continued interest and cooperation,. 
Sincerely yours, 
Roy Stauth 
Senicr Research Officer • 
RS/hnk 
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UNPRICED COSTS . OF . THE NATURE AREA PROJECT 
A- NOISE POLLUTION 
Certain recreation activities may create a disturbing ZeveZ 
of noise~ 
a) power boats on Flamingo Vlei may be heard from Table View 
Township and parts of the vlei; 
b) trail:bike riding, beach-buggies and model aircraft flying 
may be heard from many parts of the vlei, as well as from 
-adjoining dunes, beaches, and residential are~s. 
B· UNDESIRABLE BIOLOGICAL ELEMENTS 
Certain species couZd proZiferate and become pests in the 
Zoca Z area: 
a) snakes could infest adjoining gardens and houses; 
b) mosquitoes could breed in the water and annoy local residents; 
c) birds using the vlei may become a nuisance when roosting in 
residential areas, and may constitute a danger to low-flying 
aircraft; 
d) stray animals could occupy the area. 
C. GREATER DANGER TO PUBLIC SAFETY 
The Zarge, open area couZd harbour undesir~Ze and dangerous 
persons. 
a) Vagrants and loiterers could frequent the area to the 
annoyance of residents and visitors; 
b) muggers and rapists might utilize secluded areas to victimize 
residents and visitors; 
c) neighbouring residential areas could experience a general 
deterioration in social and environmental quality. 
D GREATER DANGER OF FLOODING AND FIRES 
Structures in the area w ouZd be threatened by fZood and fire. 
a) The absence of flood control measures means that periodic 
floods could result in property damage and loss of life; 
b) the large number of recreational visitors could result in 
a high incidence of fires which would constitute a threat 
to lives and property in the area. 
· . .:: 
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E. LOST JOBS AND INCOME 
ImpZementing the nature area project w ouZd mean foregoing 
opportunities to create more jobs and generate more income 
in the private and pubZic sectors: 
a) employment opportunities during the 47-year construction 
period of the marina project would be lost; 
b) building contractors and suppliers would lose potential 
business; 
c) the stimulative effect to local business and industry 
(from adding 30 000 persons to the population, plus visitors 
and tourists) would be foregone; 
d} the Milnerton Municipality would forego increased revenue 
from rates which could be derived from the marina project; 
e} an opportunity to increase property values in the area would 
be foregone. 
~ LOST OPPORTUNITY TO IMPROVE THE BUILT ENVIRONMENT 
FaiZure to impZement the marina project wouZd mean foregoing 
opportunities to improve the character and amenity vaZue of 
Mi Znerton and G.r>eater Cape Town: 
a) the opportunity to give Milnerton a prestigious development 
as a i• focus" which could generate strong community pride 
would be lost; 
b) the opportunity to offer a waterfront housing development 
with pleasing water-vistas close to the centre of Cape Town 
would be lost; 
c) the opportunity to offer expanded watersport and other 
recreational facilities (associ~ted with the 243 ha lake) 
to the metropolitan population would be lost; 
d) the opportunity to promote tourism (with sailing regattas, 
boating festivals, and other special, water-related events) 
would be lost; 
e) the opportunity to create an attractive built, environment 
(which may be more aesthetically pleasing to the average 
person than the flat, open, relatively featureless natural 
environment} would be lost; 
f)~t~e opportunity to reduce pressure for housing in other 
parts of metropolitan Cape Town would be lost. 
··.~ . 
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G. GREATER COSTS FOR SERVICES AND TRANSPORT 
ImpZementing the nature area project wouZd mean higher per 
capita costs for basic services and transportation: 
a) the cost of basic services per dwelling unit could be 
reduced by concentrating the population in a smaller area 
(so that the infrastructure need not be "stretched" so 
much); 
b) fuel consumption could be reduced if residents did not 
have to drive so far to reach water,..,related recreation 
facilities; 
c) commuter costs could be reduced if homes and work places 
were not separated by such large, open spaces. 
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UNPRICED . COSTS OF THE ·. MARINA PROJECT 
A. REDUCED LANDSCAPE DIVERSITY AND AESTHETIC QUALITY 
B. 
The variety and beauty of the present "landscape w ouZd be 
diminished b· y the Zoss of open space, naturaZ features, 
andbioZogicaZ eZements, aZZ of which act as a "green Zung" 
for the u:rb an environment. 
a) The loss of open space and natural features in a pre-
dominantly built-up area will make the landscape more 
uniform and monotonous; 
b) increases in litter, sewage, and other wastes may have 
aesthetic impacts within the project area and in adjacent 
areas (both land and sea); 
c} the aesthetic quality of the water resource could very 
possibly deteriorate due to increased pollution, nutrient-
enrichment (from sewage and run-off), siltation, hydrogen 
sulphide production, and decay of algae and macrofaunal 
elements .(from stagnation, stratification, and de-oxygenation); 
d) the destruction of biological habitat and sources of primary 
production would reduce the numbers and therefore the 
pleasing visual and auditory impacts of some populations, 
particularly highly~valued species of water birds; 
e} modifying this natural system will reduce opportunities 
for local and regional residents to satisfy their psycholo-
gical need for contact with nature; 
f} the present focus of the community - the vlei and lagoon -
would be irreversibly disrupted. 
INCREASED RISK OF LOSING BIOLOGICAL RESOURCES 
PotentiaZZy vaZuabZe genetic information couZd be Zost if 
hcb itat destruction reduces gene pooZs beyond safe ZeveZs: 
a} the loss of highly productive wetla~ds will reduce. critical 
habitat available to certain rare and endangered species; 
b} another link in the system of wetlands used by migratory 
species of water birds will be eliminated, and this could 
endanger the viability of some populations; 
c) reductions in local plant and animal populations due to 
habitat destruction and disruption of ecological processes 
may threaten general losses of genetic diversity and co-
evolutionary developments of scientific inte~est. 
-·-: .. ._.... ...... - .·--·-;·-" -· ··-- -· -:--· ··=---· --- ---: - ··---·- ··---.- --·--. - ..... ~ . ·- :-·. ·-=-·· ··.-:::-· . ... - .. ~ ~ 
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c. LOST OPTIONS 
Valuable ecological functions and resource options may be lost 
and higher-order impacts may be suffered, when the natural en-
vironment is substantially altered: 
a) impacts on such natural processes as water, nutrient, and 
sediment cycling could lead to costly resource shortages 
and ecological problems; 
b) if sufficient representative samples of the biophysical en-
vironment are not maintained, valuable options for the future 
utilization of natural resources will be foregone; 
c) other development options for this area would be eliminated; 
d} large-scale modification of the natural environment may lead 
to significant higher-order impacts which are now unforesee-
able. 
D ·. LOST LEGACY 
Part of society's natural and cultural heritage would be ~rre­
trievably lost: 
a) an area of historical interest would be lost, including 
historic structures (e.g., the wooden bridge) and natural 
features (e.g., the vlei, which featured in many early maps 
and diaries) ; 
b} the only area in the region which features the juxtaposition 
of river, vlei, dunes, and lagoon would be irreversibly 
altered; 
c) the knowledge that another natural and historical area has 
been lost, and fewer s.uch places now exist, would be of 
concern to·non-visitors as well as visitors; 
d) the country's scientific and political standing could be 
reduced by proceeding with the project since South Africa 
is a signatory to the RAMSAR Convention, which is intended 
to protect significant wetland areas for aquatic· bird-life. 
E: • LOST EDUCATIONAL AND RESEARCH FACILITY 
The opportunity to provide over 400 schools and colleges, as 
well as other educational and research organizations, with a 
"natural classroom and laboratory" would be los~: 
a} students in the metropolitan area would lose an opportunity 
to get direct lessons in nature study in an interesting 
transitional zone where several ecosystems meet (e.g., 
·.~ 
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riverine, freshwater wetland, estuarine, dune, marine, 
terrestrial, urban, etc.}; 
b) an opportunity to promote greater awareness of nature in 
an urban population through direct contact with a natural 
system would be lost; 
c) a natural laboratory for ecosystem research., including 
basic ecosystem functioning, monitoring of pollution impacts 
on natural ecosystems, and rehabilitation of damaged eco-
systems, would be lost. 
F . LOST RECREATION AND TOURISM BENEFITS 
Opportunities for several outdoor recreational pursuits wi.ZZ 
be diminished, and the area's appeal to tourists may be impaired: 
a) reducing the area available for golf, hiking, bird watching, 
horse riding, trail bike riding, flying model aircraft, etc. 
would deprive metropolitan Cape Townls large and rapidly 
growing population of recreational opportunities- th.is could 
increase sociological pressures, decrease the efficiency of 
the local work force, and lower the overall quality of life 
for urban residents; 
bl the recreational utility of the arears water resources could 
be significantly reduced if water quality in the dredged lake 
and lagoon system deteriorates (due to difficulties in main-
taining constant levels, adequate depth, mixing, purity, etc.}; 
c) tourists attracted by the S.W.Cape 1 s natural amenities may 
feel th.ere is less of interest to see in the area, and tourism 
revenues (which are important to the regional economy} could 
stagnate or decline. 
G. INCREASED FLOODING RISKS 
The natural flood absorbing and attenuation capacit.y. of the 
vZei wiZZ be Zost and flood controls to compensate for the. Zoss 
of the floodplain may prove inadequate: 
a} homes in the surrounding area, as well as marina homes, may 
be subject to flood damage; 
bl extreme floods would threaten residents in the flood zone with 
injury or loss of life. 
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a. INCREASED POLLUTION RISKS 
Pollution impacts could increase if the assimilative capacity 
of the existing ecosystem is reduced while the built environ-
ment is expanded: 
a) increased sewage, industrial effluent, and pathogen levels 
could result in the spread of water-borne disease; 
b) the loss of vegetation in an area subjected to significant 
levels of air pollution may increase health hazards; 
c) higher pollution levels could damage property and increase 
maintenance costs; 
d} pollution impacts. could lower property values in the area. 
I. INCREASED CONGESTION EFFECTS 
The i~flux of new residents and visitors could exceed the 
optimal carrying capacity of the area so that the quality of 
life of present residents and users would be significantly 
reduced: 
a} increased noise and water pollution from boats on the new 
lake may disturb present residents; 
bl greater traffic congestion in the local area may increase 
travel time and psychologi.cal costs for present residents; 
c} greater demand for improved roadworks could lead to higher 
rates and taxes; 
d} some of the area.'.s present 
blocked or spoiled; 
residents could have views 
e) present residents who were attracted to the area by the 
existing conditions and atmosphere mi.ght regret that the 
character of the area has been dr.amatically altered; 
fl increased crowding of water areas, beaches, and dunes 
will degrade certain aspects of these features, or inhibit 
some uses; 
. g} overuse of the area 1 s amenities may necessitate bothersome 
regulations and expensive control measures; 
h} increased demand for utilities and servi.ces may overload 
.the infrastructure, causing breakdowns in basic community 
services. 
~· INCREASED SOCIAL TENSION 
The marina· project could create greater social pressures: 
a} existing social and racial animosities could be exacerbated 
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by resentment that a general amenity will be lost _and only 
a few privileged families (those who live in the new develop-
ment and those who can afford boats) will significantly 
benefit from the project; 
b) because of Group Areas legislation, the scheme will substan-
tially increase regional inequity; 
c) the long construction period could disrupt the Milnerton 
area for much of the 47 years which will be required.to 
complete the project; 
d) there is a possibility that the project may not be satisfac-
torily completed or maintained due to changes in market 
conditions, or a lack of resources or skills on the part of 
the developer or the municipality; 
el the general community may be required to carry a significant 
financial burden (due to long-term maintenance of the scheme} 
on behalf of a privileged few • 
. .._,_ __ ---··--"':·-~~ ·,_---- ·:--·· 
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ILLUSTRATIVE MATERIAL 
APPENDIX FF 
Extract from Impact Report - Case Study 3 (Rietvlei) 
(Excerpted from Stauth, 1983b, pp.113-138) 
NOTE: The following material is intended to illustrate the 
content of an impact report. The impact report for this 
case study was nevei completed because while investi~ations 
were in progress, a decision was taken by the authorities to 
proclaim _the area as a nature area. Since there was no 
longer any need or justification for undertaking an 
expensive research effort, data collection and analysis was 
terminated. As a result, some of the aaterial and· · 
conclusions presented in this appendix are based on 
superficial investigations and/or hypothetical data, bue an 
attempt has been made to make the analysis correspond to 
reality as closely as possible to illustrate the recommended 
data-gathering procedures and report format. 
For the purpose of illustration, the first two impacts 
associated with each proposal have been selected. For the 
Nature Area Project these are: "Noise Pollution" and 
"Undesirable Biological Elements"; for the Marina Project 
these are: "Reduced Landscape Diversity and Aesthetic 
Quality" and Increased Risk of Losing Biological Resources". 
7.6.1 UNPRICED COSTS OF THE NATURE AREA PROJECT: NOISE POLLUTION 
a) General Nature of Impact 
The noise from certain recreation activities, such as power boating, 
trail-bike and beach-buggy driving, and model-aircraft flying, may dis-
turb residents in the area (particularly on Sundays), as well as other 
recreationists, such as bird-watchers and nature students. Even moder-
ate levels of engine noise may be disturbing because many people are 
attracted to natural areas partly because they are quiet places, and the 
sounds of mechanized vehicles may seem incompatible with the nature area 
concept. 
b) Magnitude of Impact, and Probability of Occurrence 
All the noise-polluting activities of concern currently take place in 
the area, and although these activities may be expected to increase if 
a nature area is proclaimed and use is not restricted, the area is already 
well-utilized by power boaters, trail bikers, and model-aircraft flyers 
:· - ·-····- - - .-~- .. ~- . --.-..., -~ ---··-· -·· ·:-: .. ----·- -- ~,, .. - -· ··-·-··· -····· .... . . -· -·- ~-.--. ~·--;; ... 
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and therefore current noise levels should provide a reasonable indication 
of the possible extent of the problem. 
in two ways: 
Noise impacts were assessed 
i) Sound Level Meter measurements were taken at various points 
around the vlei and at houses adjoining the vlei, and 
ii) Several residents were interviewed to determine if and when 
noise levels were disturbing. 
The South African Bureau of Standards maximum basic noise level for sub-
urban residential outdoor spaces with little road traffic is 50 decibels 
(dB). In the evening and on week-ends, the maximum level is 45 dB, and 
at night it is 40 dB. Sound level measurements were taken under no-
wind conditions on 26 and 27 March 1983 from 13h00 - l8h00 with a B & K 
sound level meter, serial number 2215, calibrated and found correct at 
94 dB on A scale 26 March 1983. 
ized as follows. 
Results of the measurements are summar-
Power boats: Readings up to 77 dB were recorded in the vicinity of 
the clubhouse on the northern side of the lake, but readings at the near-
est houses in Table View Township were less than 40 dB. Readings in 
the area of the bird sanctuary and on the dunes and beaches were less 
than 40 dB. Residents interviewed in the area adjoining the Milnerton 
Aquatic Club stated that the power boats were not disturbing and pointed 
out that boating noise associated with a large marina scheme could gene-
rate even more noise. 
Trail bikes: Trail bikes operating at the extreme northwestern corner 
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of the vlei produced readings from 50 to 60 dB in the gardens of the 
nearest homes, but readings elsewhere in the vlei and on the dunes and 
beaches were under 40 dB. (No beach buggies were operating, but it 
is believed their operational area and noise level would not exceed that 
of the trail bikes.) Local residents stated that trail bike noise was 
sometimes disturbing, but generally there were no problems when the bikes 
stayed on the western side of the vlei. 
Model aircraft: Readings in residential areas, the dunes, the beaches, 
and the bird sanctuary were under 40 dB. From the Cape Radio Flyers' 
airstrip, decibel fall-off with distance was plotted with the following 
results: 70 - 80 dB up to 100m; 60 - 70 dB up to 200 m; 50 - 60 dB 
up to 300 m; 40 - 50 dB up to 400 m; less than 40 dB beyond 400 m. 
None of the residents complained about model aircraft flying. 
c) Potential Effects on Social Groups Differently Affected 
i) Local residents appear not to be adversely affected by present 
noise levels, with the possible exception of Table View residents on 
Pentz Drive who are occasionally disturbed by trail bikes. Power boats 
appear to concentrate along the southern and eastern shores which are 
far from residential areas. 
ii) Bird watchers should riot be disturbed inthe bird sanctuary area. 
iii) Hikers and picnickers could be disturbed by model airplane flyers, 
particularly if there are no restrictions on free-flying with radio-con-
trolled planes. The whine of these small engines could adversely affect 
-·--.- -·--···"·:- ... -~·-··:-----.·- -.--.-•····----.... -· ···-·-~. -··. -:-: ···-· .,. ··:-·· --;·· -·--· -·· ., .. ''·:;. 
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people wanting to escape to a nature area from the urban areas. (Public 
action to control this activity has been taken in the Stellenbosch and 
Kenilworth areas.) 
d) Timing, Duration, and Potential Reversibility of Impact 
The impact would be immediate and could be expected to grow over time 
until significant conflicts develop as the area's carrying capacity is 
approached. If the impact is eventually found to be unacceptable, it 
could be eliminated by simply banning offending activities. 
be no irreversible consequences. 
e) Special Risks and Secondary Impacts 
There would 
Noise pollution, particularly from trail bikers and beach buggies, may 
promote the notion that natural, open spaces constitute "waste ground" 
and this might erode the environmental ethic which a nature area is pre-
sumably intended to inculcate. 
It is possible that if noise levels pass some ill-defined but critical 
threshold, the value of certain recreational activities will be diminished 
and users will be driven away. If management is not imposed, the outcome 
of competition for a multiple use, common property resource could 
be a gradual monopoly of the resource by the group generating the largest 
negative externality (and externality effects may also favour recruitment 
to the externality-imposing activity). 
-.. ' ·- '·. 
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f) Mitigating Measures 
Noise from power boats could be controlled by putting restrictions on 
speeds of operation. Noise from model airplanes could be controlled 
by demarcating the radius of permissible operations from a central point. 
Noise disturbance from all recreational activities could be controlled 
by limiting times of operation (e.g. 09h00 - 18h00), and by dense tree-
planting to screen sensitive areas. 
'I 
7.6.2 UNPRICED COSTS OF THE NATURE AREA PROJECT: 
UNDESIRABLE BIOLOGICAL ELEMENTS 
a) General Nature of Impact 
Marshy, open spaces might harbour certain undesirable species which could 
become a health hazard or a nuisance to residents of the area. Snakes 
and mosquitoes might proliferate and annoy local residents, stray cats 
and dogs might occupy the area and become scavengers in adjoining neigh-
bourhoods, and large flocks of birds might damage or kill tree$ in 
favoured roosting areas and might constitute a hazard to low-flying air-
craft from the nearby Ysterplaat Air Force Base. 
b) Magnitude of Impact, and Probability of Occurrence 
Health officials say that there are no records of disease or injury due 
to undesirable biological elements in the area. Residents on the peri-
meter of the vlei-lagoon and officials with local knowledge were inter-
viewed, and field investigations were conducted, to determine the present 
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magnitud~ of other potential problems. 
Residents could not recall any instances of snakes being found in local 
gardens except during extreme flood events. The Cape dobra (Naja 
nivea) used to be common in the area but is now rarely seen. Other 
snakes known to inhabit the area are considered harmless and even bene-
ficial, since they keep rodent populations in check (signs on the golf 
course ask people to leave snakes alone). These species include the 
molesnake (Pseudaspis canal, Cape slugeater (Duberria lutrix), African 
egg-eater (Dasypeltis scabra), and spotted skaapsteker (Psammophis 
rhombeatus). Nature Conservation officials maintain that these snakes 
are unlikely to leave their natural habitat in the vlei-lagoon area 
itself. 
Residents are sometimes troubled by mosquitoes in summer evenings and 
nights, but the general feeling was that the problem is not serious and 
probably no worse than in many other areas. Nature Conservation officials 
maintain that small, stagnant water bodies are the major breeding areas 
of mosquitoes, and the large, open, fresh water bodies of the vlei-lagoon 
are not a major problem. Plankton tows for mosquito larvae in standing 
pools of water were negative. 
There are few large trees in the surrounding residential area that might 
attract roosting birds, and no signs of roosting (dropping or damage) 
were noted. 
The Ysterplaat safety officer and officials with air traffic control 
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report that there are no records of bird strikes by aircraft in the area. 
Birds using the vlei apparently stay away from the airfield and below 
the height of approaching and departing aircraft when the latter pass 
over the vlei (generally in excess of 1000 feet above ground level). 
Field surveys revealed no signs of cats or dogs, and none of the residents 
interviewed recalled seeing feral cats and dogs in the vlei. SPCA 
officials have had no complaints of stray animals. The vlei-lagoon 
is not an attractive environment for strays and they probably prefer to 
scavenge in more built-up areas. 
Since implementation of the nature area project should not substantially 
change existing conditions, and there appear to be no notable problems 
associated with undesirable biological elements at present, there is 
a high probability that the magnitude of this impact will be nil. 
c) Potential Effects on Social Groups Differently Affected 
i) Local residents (in the immediate vicinity of the vlei-lagoon) 
are more likely to be disturbed by snakes, mosquitoes, birds, and stray 
animals than other Table View and Milnerton residents, but this should 
not become a significant problem. 
ii) Visitors to the nature area should not be disturbed by biological 
elements which are regarded as part of the natural conditions. 
iii) Military aircraft crews and passengers could be subjected to 
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some slightly increased risk from bird collisions, particularly during 
periods of poor visibility. 
d) Timing, Duration, and Potential Reversibility of Impact 
The impact would be immediate (but should not vary significantly from 
present levels), lasting, and reversible. 
e) Special Risks and Secondary Impacts 
None. 
f) Mitigating Measures 
According to health officials and the Town Engineer, mosquito-breeding 
areas could be sprayed with chemicals if a problem developed. 
If roosting birds became a problem, roosting platforms could be created 
in the vlei, and various measures could be taken to frighten off flocks 
of birds from adjoining neighbourhoods (e.g. scarecrow~, explosions, 
model airplane flights, fire hoses, etc.). 
If the potential for bird strikes increased, approach and departure 
patterns at Ysterplaat might be modified. 
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7.6.3 UNPRICED COSTS OF THE MARINA PROJECT: 
REDUCED LANDSCAPE DIVERSITY AND AESTHETIC QUALITY 
a) General Nature of Impact 
1. Urban ecologists, planners, and landscape architects suggest that 
open, natural spaces relieve the monotony of the built environment and 
planned open spaces in urban areas. The major natural features of the 
Rietvlei-Milnerton Lagoon system, such as the freshwater marshes and 
the lagoon itself, are relatively unique in the southwestern Cape, and 
the loss of a rare natural area within the urban environment might be 
expected to reduce the scenic and amenity value of the community. 
Rietvlei is one of the last viable wetland systems in the southwestern 
Cape, since most of the vleis in the area have been drained, filled, 
or otherwise modified in the past thirty years. For example, Sandvlei 
was dredged to allow more boating and construction of the Marina da Gama, 
a weir was built at Seekoevlei to maintain the water level, the Black 
River and Krom Rive~ marshes were overbuilt, and many streams have been 
canalized or piped. The loss of Rietvlei's natural features might be 
-
expected to further reduce landscape diversity and the aesthetic value 
of the Cape Metropolitan Area, and the loss of general open space may 
have subtle psychological and sociological effects on residents in the 
affected communities. In addition to a sense of crowding and a loss 
of contact with natural elements, local residents could feel a sense 
of deprivation or alienation since the vlei has served as a community 
focus and a source of local pride . 
. .. ·.~ -·.·-- '"' 
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2. The influx of 30 000 people might result in great aesthetic impacts 
from more litter, sewage, and other wastes within the immediate area 
and also adjacent land and sea areas. For example, an extension of \ 
the present sewage works might make this facility more visible and result 
in more offensive odours in the area, and it might be necessary to request 
relaxation of certain standards and construct a sewage outfall off the 
coast, which could then have adverse impacts on the marine and coastal 
environments. Sewage effluent could also create pollution hazards in 
the marina's water body, and litter could accumulate around the lake's 
shoreline. In addition, the incineration of locally-generated solid 
wastes could contribute to the area's air pollution problems if disposal 
areas are too far or could not be sealed to prevent seepage into ground-
water supplies. 
3. Water quality control is a notoriously difficult problem for marina 
projects. Evaporation will significantly increase salinity concentra-
tions if there is no diluting or flushing by fresh water inflow, and 
this could eventually render the water body sterile. Dense sea water 
used to maintain water levels could settle to the bottom, as has happened 
in parts of Sandvlei, leading to poor water circulation and anoxic con-
ditions. Bridges and embankments could reduce waterflow and alter 
circulation patterns. Poor circulation and flushing could result in 
greater siltation, deoxygenated areas, dead fish, algae decay, hydrogen 
sulphide production, concentrations of pollutants, and high coliform 
counts. Stormwater drainage from the expanded urban area and run-off 
from gardens and surrounding agricultural developments could bring in 
high nutrient loads, which could result in unsightly algae blooms, and 
·::~ . 
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possible concentrations of toxic elements which are difficult to flush 
out. 
Without natural marsh vegetation acting to filter and purify the water, 
the water body could come to resemble an open sewer. If the assimila-
tive capacity of the water body is exceeded, anaerobic conditions will 
develop in still areas or canals between housing areas, especially on 
southern shores, and the decay of algae and macrofaunal elements could 
be aesthetically offensive. If such effects become frequent and wide-
spread, property values in the surrounding area may decline as the area's 
optimal carrying capacity is exceeded, and large capital investments 
may be necessary to keep environmental quality from declining further. 
This could result from fragmentation of the area's holistic ecological 
value from disturbances to the inflowing Diep River, the floodplain's 
wetland ar~a, the dredged deep water basins, and modifications to the 
lagoon. 
4. The destruction of biological habitat will reduce primary and second-
ary productivity and the sizes of populations of many organisms. The 
numbers of fish and invertebrates (including bait organisms) could be 
reduced due to poor water exchange or circulation, leading to stagnant 
backwaters. Dredging and filling will reduce shallows needed by wading 
birds for feeding, reduce suitable areas for macrophyte·s to root, create · 
greater danger of an anoxic bottom zone and stratification of the water 
body, and increase siltation impacts (such as the smothering of benthic 
organisms). Filling, as well as the need for water level control, will 
also reduce the extent and variability of ·wetlands. The loss of marshy 
. ·.··-·;--··:··~~--~---.·.- ·-: ··":'"·-·· ~··-·-··~·-· .. 
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areas will reduce detritus input to the system, which is the basis of 
the wetland food chain. The loss of mudflats will affect wader popula-
tions, and the loss of marginal vegetation and other critical habitats 
will reduce the diversity and numbers of birds frequenting the area, 
particularly those species which require undisturbed wetlands for some 
part of their life cycle. A further reduction in the numbers of birds 
and animals to be seen and heard in the southwestern Cape could constitute 
a significant loss in the general amenity value of the region. 
5. Many anthropologists, psychologists, social philosophers, and human 
ecologists say that man appears to have an inherent psychological need 
for contact with nature, and the marina project would substantially reduce 
the opportunity for such contact for a large number of people. 
b) Magnitude of Impact, and Probability of Occurrence 
1. In order to determine the relative uniqueness of the Rietvlei system, 
a method developed by Leopold and Marchand (1968) was employed. A number 
of factors were chosen to represent aspects of wetland systems, and twenty 
wetland systems in the southwestern Cape were then evaluated in terms 
of these factors. Each factor for ·each site was then expressed as a 
uniqueness ratio so that average uniqueness scores could be calculated 
for all sites for any particular groups of factors and sites. Rietvlei 
was judged to have relatively high uniqueness scores in terms of factors 
selected by conservationists as being important aspects of natural 
environments. 
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In addition, an assessment of the aesthetic quality of the Rietvlei area 
relative to that of other well-known features of the Cape Metropolitan 
area (both natural and man-made) was undertaken following the method 
developed by Linton (1968). The Rietvlei system was found to rank high 
in aesthetic quality in comparison to many features of the local environ-
ment, including Marina da Gama and Sandvlei. 
Nevertheless, many residents who were interviewed in the Milnerton/Table 
View area considered the vlei to be a drab and uninteresting area, while 
they regarded the proposed marina project as a novel element that would 
offer more interest and variety to,the landscape. The majority ex-
pressed the opinion that the vlei was a "wasteland" and not "useful or 
attractive open space", whereas a properly planned marina would be an 
asset to the surrounding community and would constitute a new and better 
focus for the community. 
2. Litter accumulation could be a problem since river flow is very 
low most of the year, and there will be no flushing to the sea due to 
the weir. With 30 000 new residents in the area, litter impacts would 
also be significant on nearby beaches and dunes. 
Litter surveys were conducted in the Rietvlei area, and also at Marina 
da Gama and the Cape Point Nature Area for comparative purposes. Very 
little litter or signs of dumping were found in the latter areas, whereas 
large amounts of litter were found around the perimeter of Rietvlei, 
along tracks through adjacent dunes, and along the high-water level of 
the beach. In addition, a large amount of dumping has taken place on 
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the northern edge of Rietvlei and parts of the lagoon. Large amounts 
of litter were also found along the lagoon, particularly near the mouth. 
The widespread perception of Rietvlei as a "wasteland", along with easy 
access and no effective control on entry, has no doubt contributed to 
the litter and dumping problem. While proclamation of a nature area 
should change these perceptions and behaviour patterns, it seems reason-
able to assume that the marina project might have even less litter and 
dumping since residents will be motivated to look after their own neigh-
bourhood. 
Investigations were also conducted into the sewage disposal conditions 
of the Rietvlei area. According to the Milnerton Town Engineer, all 
sewage effluent is used to fertilize public open spaces in the summer 
and therefore no effluent enters the vlei except in winter, and this 
is treated effluent. However, total nitrogen and phosphate levels exceed 
2 mg/£ and volatile solids and chemical oxygen demand are relatively 
high. If necessary the present works could be extended into an area 
of reeds which has been excluded from the nature area, and a pipeline 
could be constructed through an existing servitude in the vlei to a 
marine outfall. Health authorities are satisfied that projected treat-
ment rates for the marina project would pose no health problems due to 
good dispersal conditions offshore, and then no effluent would enter 
the marina water body. 
Enquiries into sewage disposal conditions at Marina da Gama revealed 
no problems either in the project area or adjacent land and sea areas, 
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except when sewage pump stations overflow (a rare event), and then the 
water is treated with a proprietary hypochlorite powder (NaHCl03 ). 
There appears to be no reason to believe that sewage disposal impacts 
associated with a marina project at Rietvlei would be of any notable 
magnitude. 
Finally, industrial effluent is piped to the sea (although there have 
been leakages reported in the past), and since suitable disposal sites 
are available at reasonable distances, solid waste incineration should 
not be necessary. 
3. Comparisons of water conditions at Sandvlei, site of the long-
established Marina da Gama scheme, to those at Rietvlei may be useful 
in assessing the potential impacts of a marina scheme on Rietvlei's water 
quality. Water quality tests were conducted at both Sandvlei and 
Rietvlei. Investigations included tests of water and sediments for 
oil, detergents, pesticides, asbestos, rubber, and heavy metals, as well 
as for phosphates and nitrates. Total coliform and E. coli counts were 
also made, and pH, salinity, and dissolved oxygen were measured. Possi-
ble siltation and turbidity problems were assessed by taking samples 
of inorganic settleable solids and bottom sediments, and measuring 
turbidity. Samples were also taken of algae and aquatic weeds and biomass 
estimates were calculated. Surveys of aquatic flora and fauna were 
done to assess species diversity, estimate population sizes, and record 
pollution indicator species. 
Rietvlei's water quality is reasonably good . Faecal bacterial contami~ 
. ' ' 
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nation is relatively high due to the bird population (an E. coli con-
centration on the order of 100/100 ml) but this is not considered hazard-
ous to health. Salinity and nutrient levels at the Diep River inlet 
are high, presumably due to salts in the Malmesbury Shales in the catch-
ment and dairy farming in the catchment. However, ~ithin the vlei-
lagoon system nutrient levels are not excessive and there are no 
indications of eutrophication or industrial pollution (Caltex and Fedmis 
pipelines carry effluent to the sea). Oxygen levels are normal, and 
there are no signs of stratification, probably due to wind-generated 
turnover in this fairly shallow water body. There are dense reedbeds 
at the Diep River inlet which act as a sediment trap, however sediment 
loads in the river are high - particularly during flood events - and 
if these reedbeds are removed in order to extend the sewage works (as 
has been suggested), the vlei could experience rapid siltation. 
Sandvlei's water quality does not compare favourably with that at Rietvlei. 
There are high nutrient loads, which has led to a major weed harvesting 
problem. Bottom dissolved oxygen values of zero have been recorded 
in the marina canal system and in the main vlei basin. Anaerobic con-
ditions lead to the formation of hydrogen sulphide gas, which is a source 
of noxious odours when wind-induced mixing occurs. (While the extensive 
beds of Potamogeton pectinatus assist in oxygenation of the water body, 
these weeds obstruct yachting activity and so must be held in check.) 
Because water circulation is poor, due largely to attempts to provide 
sheltered conditions for marina housing and canals, it may be necessary 
to instal expensive pumps at a number of points to oxygenate the water. 
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The Sandvlei water body has low species diversity, the siltation rate 
appears to be high, coliform counts are excessive (exceeding standards 
set for the European Economic Community), and tests for oil, detergents, 
pesticides, asbestos, and rubber were all positive. While none of 
these problems is yet serious (with the exception of the proliferation 
of aquatic macrophytes and H2S odours), there are indications that the 
situation is gradually worsening. 
Maintaining water quality of the proposed marina water body at Rietvlei 
is likely to be difficult and expensive. Siltation rates will probably 
increase, especially if reed beds are removed, necessitating fairly fre-
quent dredging. Water circulation and stagnation problems could occur 
during the frequent low flow periods, since the vlei is not tidal and 
the lagoon moµth will normally be closed. There is also the possibility 
that excessive chlorinities could eliminate much aquatic life. Nutrient 
enrichment will increase, leading to algae blooms and an expensive weed 
harvesting programme, like the one at Sandvlei. Occasional anox~c con-
ditions could lead to fish kills, decay of aquatic plants, and releases 
of hydrogen sulphide. The water could also become turbid and unsightly. 
Further business and industrial development in the area, as well as the 
large number of houses and roads constructed for the marina, will become 
an additional source of toxic elements to the lake. 
There seems to be a high probability that water pollution will sometimes 
become severe in parts of the marina, and perhaps occasionally over most 
I 
of the water body, unless the need for very careful planning and high 
outlays on pollution control are recognized and accepted. 
' . 
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4. Flora and fauna surveys were conducted and comparisons made to other 
vlei systems in the southwestern Cape. Rietvlei is a potentially rich 
feeding ground and nursery area for fish, and is one of the last major 
habitats for migratory water birds in the area. 
Because the water area is large and shallow, sunlight penetrates to the 
bottom and wind mixes the water so that primary production is high. 
Large tracts of freshwater marsh are a source of detritus which consti-
tutes the base of the food chain and enables large populations of many 
species to be supported by a small area. The marshes, as well as the 
reedbeds and other marginal vegetation, provide cover and nesting materials 
for animals and birds. When the water recedes, large mud flats are 
exposed and wading birds feed on densely concentrated burrowing organisms. 
One hundred and sixty-three species of birds have been recorded at Riet-
vlei, and for several species the numbers of individual birds sometimes 
run into the thousands. There are no other natural wetlands in the 
western Cape where such large numbers of breeding water birds can be 
found. Because of the size and nature of the area, flocking of waterfowl 
occurs; this probably promotes pairing, after which the birds disperse 
all over the western Cape with the advance of the rainy season. Since 
there are no comparab~e areas in the western Cape where flocking can 
take place on such a scale, the loss of this biological habitat and dis~ 
ruptions to ecological processes affecting the food web (e.g. dredging, 
filling, etc.) would reduce the breeding potential and thus the numbers 
of several populations, which would affect the aesthetic quality of Riet-
vlei and a much wider area (including overseas regions visited by 
f 
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migratory water birds). While there might be an increase in the numbers 
of ducks and coots due to greater productivity from aquatic macrophytes, 
the loss of marshes and other biological habitat would reduce the numbers 
of many water birds. 
Although it is difficult to estimate the impact on breeding success and 
survival of water birds if this habitat is destroyed, there is a reasonably -
high probability that noticeably fewer pelicans, reed cormorants, spoon-
bills, white storks, and migrant waders would frequent the Rietvlei, 
Cape Metropolitan, and western Cape area. 
5. A survey of residents indicates that although people widely believe 
that contact with the natural environment contributes positively to psycho-
logical well-being, there are lim~ted opportunities for experiences with 
the natural environment, and most people are not prepared to spend much 
money, time, or effort to achieve such experiences. The most popular 
outdoor activity in the area is walking on the beaches. Very few people 
regularly visit parks or natural open spaces, including Table Mountain 
"'-
and the Cape Point Nature Reserve, yet many said they would regularly 
visit a nature area at Rietvlei because of its proximity to their homes. 
The major reasons for wanting to make such visits were (1) an opportunity 
to walk (physical exercise) in a peaceful setting, (2) viewing water 
birds, and (3) having family picnics and braais. The marina project 
would mean that local populations would lose the opportunity to enjoy 
convenient, frequent, and intimate contact with the natural environment . 
. ... _, ..... 
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c) Potential Effects on Social Groups Differently Affected 
i) Local residents (in the immediate vicinity of the vlei-lagoon) 
will forego benefits associated with open space and natural areas, and 
could suffer losses in property values if pollution impacts occur. 
ii) Regional residents might feel that the variety and beauty of the 
Cape Metropolitan Area has been reduced to a notable degree. 
iii) Lower and middle socioeconomic groups (such as residents of Atlantis 
and Bothasig) will be deprived of the opportunity to experience amenities 
associated withanature area situated at a reasonable distance from their 
homes. 
iv) Middle to higher socioeconomic groups (who can afford housing in 
the marina development) will have an opportunity to live in a unique 
and attractive situation. 
v) Conservationists will lose an area with valued natural features 
and biological elements. 
d) Timing, Duration, and Potential Reversibility of the Impact 
The impact would be felt immediately as the vlei is dredged and wetlands 
filled, and would increase over an ensuing period of approximately 50 
years as a steady succession of housing projects are initiated. While 
pollution impacts are potentially reversible, the loss of open space, 
natural features, and biological elements may be regarded as essentially 
irreversible. 
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e) Special Risks and Secondary Impacts 
The loss of landscape diversity and aesthetic quality in an urban environ-
ment could have profound psychological and sociological effects. Reduced 
opportunities for contact with nature could lead to "de-natured man", 
characterized by a growing insensitivity to natural beauty, a growing 
vulnerability to stress, and other effects. 
Social tension may be exacerbated if large, underprivileged groups are 
deprived of natural amenities so that a privi.leged few can live in a 
unique housing development. 
There could be unforeseeable costs associated with inadequately under-
stood ecological functions-and potential uses of the system. For example, 
there may be considerable danger of degradation of the adjacent dunes 
and beaches. This could result from uncontrolled access of the marina's 
30 000 residents to the sea, and degradation would affect the dynamic 
stability of the land/sea interface and could lead to erosion, beach 
starvation and sand blows. In addition, secondary and higher-order 
impacts could ultimately affect other complex coastal and marine systems 
in ways which are presently unforeseeable but which would adversely affect 
social well-being. 
f) Mitigating Measures 
Littering and dumping impacts can be minimized by the provision of litter 
bins, erection of notices and fences, installation of refuse traps, en-
forcement of existing legislation, and an effective, on-going clean-up 
programme. 
. ~ - ...... ~ . - ~-:;-
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Pollution impacts from sewage and solid waste can be minimized by con-
structing adequate treatment plants and developing effective disposal 
procedures. 
Water quality can be maintained by providing water circulation systems, 
harvesting weeds, and dredging silt to the extent required. 
7.6.4 
There are no measures which can be taken to significantly reduce impacts 
to biological habitat in the area; however, it may be possible to under-
take a shadow project to establish an equivalent area of habitat else-
where in,the region. Such a development might also serve to provide 
local residents with some contact with a "natural" environment, particu-
largly with highly-valued biological elements, such as water birds. 
7.6.4 UNPRICED COSTS OF THE MARINA PROJECT: 
-· 
INCREASED RISK OF LOSING BIOLOGICAL RESOURCES 
a) General Nature of Impact 
Several rare and endangered species of birds, including pelicans, 
flamingoes, and spoonbills, regularly frequent the Rietvlei area. These 
species are threatened by reductions in critical habitat, and since 
suitable wetland habitats are rare in the western Cape, locally as well 
as internationally rare water birds may disappear from the southwestern 
Cape. The loss of Rietvlei may significantly reduce the breeding sucess 
of some species which require large wetland areas for flocking and pairing 
during the 'breeding season. 
~--- : .. ::-, . . . . ·,. 
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Migratory species of water birds require a system of wetlands along their 
entire migration route for resting and feeding, and Rietvlei may be an 
important link in the system. There are relatively few wetland systems 
in the southern hemisphere, and therefore these are considered vitally 
important to complement conservation areas in the northern hemisphere. 
South Africa is a signatory to the RAMSAR convention and so has an inter-
national obligation to protect major, unique wetland areas. 
Since Rietvlei-Milnerton Lagoon is a unique, isolated, and sizable coastal 
system in the southwestern Cape, it may be of special interest in main-
taining gene pools and permitting co-evolutionary developments of some 
significance. The construction of roads, houses, and weirs would result 
in barri~rs to the exchange of physical and biotic elements, and dredging, 
filling, and building would eradicate an array Of biological niches. 
Because strict water-level control will prevent the system from function-
ing as a natural wetland.system, the gene pools of some estuarine- and 
vlei-dependent species may be reduced and natural ecological processes 
will be disrupted. 
b) Magnitude of Impact, and Probability of Occurrence 
All rare and endangered species inhabitating or frequenting Rietvlei 
were listed. Then habitat requirements for each of these species were 
listed, and the regional availability of these habitat requirements 
plotted. Various investigations were conducted to assess the relative 
productivity of these areas, and the degree of dependence of each rare 
or endangered species on each area. For example, distances between 
····::.;;~ ,· 
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potential nesting and feeding areas were calculated; migratory patterns 
were recorded; estimates were made of present population sizes; and, 
through an assessment of population dynamics, estimates were made of 
"critical population sizes" (i.e. numbers necessary to maintain a viable 
population). 
This analysis indicated that Rietvlei constitutes a significant proper-
~ 
tion of the available habitat requirements for pelicans, spoonbills, 
and flamingoes in the southwestern Cape, so that there is a high probabi-
lity that population numbers could be reduced by x% to y%, thus diminish-
ing the gene pool and possibly endangering the viability of these 
populations. 
No other rare or endangered species, or ecosystems or ecological process-
es of special interest, were identified for the Rietvlei-Milnerton Lagoon 
system, ~nd the diversity index was found to be low. The lagoon 
is of local interest only. There is, however, a possibility that some 
of the crustaceans found in the lagoon may be of special interest, but 
this requires further investigation. 
c) Potential Effects on Social Groups Differently Affected 
i) Birdwatchers and conservationists would be adversely affected 
by further losses of rare and endangered species of water birds. 
ii) Ecologists and other scientists would be adversely affected by 
the loss of an ecologically-interesting area about which much remains 
...... ···-· ··~~-··~-, ~··· ~·-:-.;:· 
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to be discovered and which could serve as a natural laboratory for eco-
system research. 
d) Timing, Duration, and Potential Reversibility of the Impact 
The impact could be gradual and may not be felt for some years, but it 
would be permanent and irreversible. 
e) Special Risks and Secondary !~pacts 
The loss of species may have significant but unforeseeable long-term 
ecological effects, such as outbreaks of pest species, and could involve 
the loss of genetic materials for undiscovered uses for food, medicine, 
and other applications. 
Violations of the RAMSAR convention could reduce South Africa's scienti-
fic and political standing overseas. 
f) Mitigating Measures 
Populations of concern may be saved by implementing shadow projects which 
i'nvolve the provision of sufficient habitat requirements in areas 
situated near nesting grounds or along migration routes at suitable 
locations. However, no shadow project can be expected to provide a 
satisfactory substitute for any complex ecosystem, and nothing can be 
done to mitigate losses of co-evolutionary developments within the exist-
ing natural system. 
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7.7 Due to various constraints on the study, a Summary of Potential 
Environmental Impacts was not prepared in this case, and the evaluation 
panel received only the Environmental Evaluation Proposal and the Impact 
Identification Report. 
, . . 
I· 
ILLUSTRAT~VE MATERIAL 
APPENDIX GG 
Criteria Assessment Questionnaire 
(Excerpted from Stauth, 1983b, pp.279-285) 
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CRITERIA ASSESSMENT 
INSTRUCTIONS 
This form is intended to guide a comparative analysis of alternative 
plans, using three criteria for assessing the significance of impacts 
to social well-being: (1) efficiency effects, (2) equity effects, and 
(3) intergenerational effects. The form consists of a series of questions 
which should be considered during the evaluation process; brief answers 
to the questions should be written out on a separate piece of paper, 
both to help clarify one's thinking, and for later reference when draft-
ing the Evaluation Statement. (Note: Although intransitive judgments 
are possible, the procedure employed here, which ensures that a systematic 
and explicit appraisal of the plans is undertaken, will greatly assist 
in identifying the plan which best meets the selection criteria.) 
PART ONE EFFICIENCY EFFECTS 
1. For each pair of plans in turn, choose between the outcomes presented 
below in order to rank plans according to the efficiency criterion. 
(Note: When making efficiency assessments, it should be assumed that 
some mechanism will be found for distributing costs and benefits fairly; 
i.e. those who bear excessive costs will be adequately compensated.) 
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1.1 Plan A vs. Plan B 
CHOICE: 
0 Outcome I Today's society must bear the cost of Impact X 
resulting from Plan B, but will gain Y Rands 
in benefits. 
c==J Outcome II - Today's society will avoid the cost of Impact 
X resulting from Plan B, but must forego Y Rands 
in benefits. 
(Note: If Outcome I is selected, Plan B is more efficient than Plan A. 
If Outcome II is selected, Plan A is more efficient than Plan B.) 
JUDGMENT: Plan B is more efficient than Plan A . 
1.2 Plan A vs. Plan C 
CHOICE: 
I _V"j Out:Axire I Today's society must bear the cost of Impact W 
resulting form Plan A, but will gain Z Rands 
in benefits. 
[] Outcome II - Today's society will avoid the cost of Impact W 
resulting from Plan A, but must forego Z Rands 
in benefits. 
(Note: If Outcome I is selected, Plan A is more efficient than Plan C. 
If Outcome II is selected, Plan C is more efficient than Plan A.) 
JUDGMENT: Plan If is more efficient than Plan C. 
1.3 Plan B vs. Plan C 
CHOICE: 
0 Outcome I 
c==1 Outcome II -
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Today's society must bear the cost of Impact 
X resulting from Plan B, but will gain K Rands 
in benefits. 
Today's society will avoid the cost of Impact 
X resulting from Plan B, but must forego K 
Rands in benefits. 
(Note: If Outcome I is selected, Plan B is more efficient than Plan C. 
If Outcome II is selected, Plan C is more efficient than Plan B.) 
JUDGMENT: Plan B is more efficient than 1 Plan C. . 
1.4 After making the above assessments, please rank the plans according 
to the efficiency criterion in Part Four of this form. 
1.5 On a separate piece of paper, note the principal reasons (major 
assumptions, beliefs, and concerns) for ranking the plans in the order 
given. 
PART TWO EQUITY EFFECTS 
2. For each pair of plans in turn, assess the consequences for different 
social groups and consider whether the outcome is fair by addressing 
the following questions·to each plan. 
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i) Which social groups will receive the benefits and which will bear 
the costs? 
ii) How significantly will the well-being of each social group be 
affected? 
iii) Is it likely that redistributive measures can and will be taken 
(i.e. will those who bear significant costs be compensated?). 
2.1 Plan A vs. Plan B 
JUDGMENT: Plan f1- is more equitable than Plan$. 
2.2 Plan A vs. Plan C 
JUDGMENT-: Plan A is more equitable than Plan C.. 
2.3 Plan B vs~ Plan C 
JUDGMENT: Planf3 is more equitable than Plan(_. 
2.4 After making the above assessments, please rank the plans according, 
to the equity criterion in Part Four of this form. 
2.5 On a separate piece of paper, note the principal reasons (major 
assumptions, beliefs, and concerns) for ranking the plans in the order 
given. 
·-;-_-,··,-~·-·~-:-:-..:· ::-- -·. _., ... ., ... , ___ ,_ ..•. ··.···-
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PART THREE INTERGENERATIONAL EFFECTS 
3. Consider general implications for future generations by addressing 
the following questions: 
i) What is the likelihood that future generations will not regard 
projected costs as being significant? 
ii) Are future generations likely to be better or worse off than 
present generations? In what ways? 
iii) To what extent should the well-being of future generations be con-
sidered in the decision-making process? 
extend beyond one or two generations? 
Should the planning horizon 
For each pair of plans in turn, assess the long-term consequences by 
addressing the following questions to each plan. 
i) Will benefits still exceed costs over intergenerational time periods? 
ii) Are some social groups of future generations likely to bear ex-
cessive (unfair) costs? 
· iii) Are there any special risks or uncertainty about major costs which 
might afflict future generations? How significant could these be? 
iv) Are any costs irreversible? What is the probable significance 
for future generations of avoiding these costs and keeping options 
open? 
v) Are long-term, secondary and higher-order impacts likely to arise? 
In what ways could these affect future social welfare? 
___ _.;_ __ ~--'-'-_:__ __ ~_:__--'--____________ ___.:__:___ ____ - -------
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3.1 Plan A vs. Plan B 
JUDGMENT: Plan.6'would benefit future generations more than 
Plan If. 
3.2 Plan A vs. Plan C 
JUDGMENT: Plan C...would benefit future generations more than 
Plan,4. 
3.3 Plan B vs. Plan C 
JUDGMENT: Plan C-would benefit future generations more than 
Plan.B. 
3.4 After making the above assessments, please rank the plans according 
to the intergenerational criterion in Part Four of this form. 
3.5 On a separate piece of paper, note the principal reasons (major 
assumptions, beliefs, and concerns) for ranking the plans in the order 
given. 
PART FOUR TRADE-OFF OF CRITERIA 
Final Evaluation Summary: 
Efficiency Ranking Equity Ranking 
1. Plan E 1 • Plan ,4-
2. Plan A- 2. Plan !3 
3. Plan c_ 3. Plan c_ 
-·--- '," . ·:-~:·--:··-··--··---··· 
Intergenerational 
1. Plan 
2. Plan 
3. Plan 
Ranking 
c 
i3 
/7-
... ·- - . - . ·- -.-. 
. . 
·~:·-. 
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Assessment Procedure: 
1. Should the most efficient Plan be rejected because of its 
unfavourable distributional consequences? 
(IF YES, GO TO 3 - IF NO, GO TO 2) 
YES 
2. Should the most efficient Plan be rejected because of 
NO,/ 
its unfavourable long-term consequences? YES II" NO 
(IF YES, GO TO 3 - IF NO, GO TO 4) 
3. Should the most equitable Plan be rejected because of 
its unfavourable long-term consequences? YES / NO 
(IF YES, GO TO 5 - IF NO, GO TO 6) 
4. The preferred Plan is the one which is most efficient: Plan 
5. The preferred Plan is the one with the most favourable 
long-term consequences: Plan C.. . 
6. The preferred Plan is the one which is most equitable: Plan 
PART FIVE PERSONAL EVALUATION STATEMENT 
Please draft a brief and anonymous Personal Evaluation Statement. This 
statement should include a discussion of reasons for ranking plans in 
terms of each criterion, as well as reasons for selection of the preferred 
plan in terms of all three criteria. The object is to communicate the 
nature of the assessment process to decision makers and other concerned 
parties to promote better understanding and better decisions. 
I~LUSTRATIVE MATERIAL 
APPENDIX HH 
Final Listing of Impacts - Case Study 4 (Palmiet) 
(Excerpted from Stauth and Lane, 1983, pp.10-18) 
II BENEFJTS lDEl~'l'J.FlED FOH EJ\Cll PROJEC1 
Following arc the four lists of benefits which will be compared: 
PART ONE: Benefits of the Upper Hangklip Dam in 
Relation to the Lower Hangklip Weir 
1A REDUCES ADDITIONAL COSTS TO WATER CONSUMERS 
Provides water at lower unit cost and delays the necessity of charging 
high w~ter tariffs for desalinated water. 
1B REDUCES C~'\PITl\L EXPENDITURE REQUIRED 
Provides more water storage capacity at lower capital cost and delays 
the necessity of incurring the l1igh capital cost of desalination. 
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1C INCREASES RELIABILITY OF WATER SUPPLY 
Reduces vulnerability to failures in supply due to mechanical or elec-
trical breakdown when conveying water to other storage areas. 
1D PROVIDES HYDROELECTRIC POWER AT ADDITIONAL COST OF R50 MILLION 
Supplies 80 MW of power to ESCOM at peak demand periods without further 
pollution. 
1E AVOIDS CERTAIN ADVERSE IMPACTS ON LOCAL RESIDENTS 
Involves less disruption to local communities from-construction activi-
ties, and avoids the inundation of privately-owned land near Kleinmond. 
1F CONSERVES LOWER REACHES OF VALLEY 
Conserves the valley bottom fynbos communities between the proposed 
dam wall and the proposed weir. 
a) Avoids inundation of riverine and associated ecosystems 
downstream of dam site; 
b) Reduces the impacts of wind-blown sand on vegetation from 
exposed deposits above low-water mark. 
1G CONSERVES CERTAIN AGRICULTURAL LANDS 
Avoids inundation of agricultural land in the Arieskraal Dam area: 
1H CONSERVES CERTAIN RECREATIONAL RESOURCES 
Avoids inundation of recreational areas on the southern boundary of 
the reserve and maintains more suitable conditions for recreatiori in 
the est.uary . 
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1I PROVIDES GREATER OPPORTUNITIES TO IMPROVE ECONOMIC CONDITIONS 
IN, THE KLEINMOND/STRAND AREA 
Increases prospects for job-seekers and businessmen during construction 
phase. 
1J AVOIDS CERTAIN AESTHETIC IMPACTS 
Reduces loss of scenic quality from certain vantage points. 
a) Avoids any adverse visual impacts from vantage points outside 
the Kogelberg State Forest; 
b) Reduces aesthetic impacts to. the area by minimizing the 
fluctuation of water levels; 
c) Minir,izes aesthetic impacts of wind-blown sand from exposed 
dep0~its above the water line. 
'1K MINIMIZES IMPACTS ON THE PALMIET ESTUARY 
Increases the prospects of maintaining natural conditions in the 
estuary by regular releases from the Dam, and by allowing inflow of 
natural runoff from the catchment below the dam. 
1L IMPROVES FIRE-FIGHTING CAPABILITY 
Provides an extensive road system for access for fire-fighting. 
1M INCREASES OPPORTUNITIES FOR FLAT WATER RECREATION 
Provides a larger, more stable water body for dam-orientated recrea-
tional use. 
~ 
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1N INCREASES OPPORTUNITIES FOR PRODUCTION OF BIOTIC RESOURCES 
Provides a larger, more stable water body for certain biotic resources. 
PART TWO: Benefits of the Lower Hangklip Weir in Relation 
to the Upper Hangklip Dam 
2A AVOIDS CERTAIN ADVERSE IMPACTS ON LOCAL RESIDENTS 
Involves less disruption to local communities from an influx of construe-
tion workers into the area. 
2B AVOIDS CERTAIN AESTHETIC IMPACTS 
Maintains much of the aesthetic quality of the Kogelberg State Forest 
and surrour,jing areas. 
a) Minimizes excavation scars from dam-building activity;· 
b) Avoids the establishment of more man-made structures within the 
relatively pristine Kogelberg State Forest. 
2C CONSERVES MORE OF THE NATURAL ENVIRONMENT 
Minimizes losses of, and disruptions to, biophysical components and 
ecological processes in the Kogelberg State Forest. 
a) Inur.~&tes a smaller area of the Kogelberg State Forest's vege-
tation and avoids destruction of ~he most valuable of the 
riverine vegetat.ion communities in the reserve (which are 
loca t.ed along the Dwars <J-nd Louws Rivers) ; 
b) Results in less destruction of wildlife habitat and fewer dis-
ruptions to inter-linked ecosystems; 
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c) Avoids introduction of invasive exotic plants and animals, such 
as Australian Acacias and the Argentine Ant, during construction, 
and for operation and maintenance; 
d) Avoids catchment erosion and river sedimentation in the Palmiet 
Valley which could result from dam-construction and road-building 
within the reserve. 
' 2D CONSERVES CERTAIN AGRICULTURAL LANDS 
Avoids inundation of agricultural and other private land along the banks 
of the Palmiet and Krom Rivers. 
2E CONSERVES SCIENTIFIC AND EDUCATIONAL RESOURCES 
Avoids inur..iation of potentially important research sites. 
2F REDUCES RISK OF EXTREME EVENTS AFFECTING THE PALMIET ESTUARY 
Prevents the possibility of.killing aquatic organisms from releases 
of anaerobic water to the estuary. 
PART THREE: Benefits of the Upper Hangklip Dam in 
Relation to Desalination of Sea Water 
3A REDUCES ADDITIONAL COSTS TO WATER CONSUMERS 
Provides water at lowe~ unit cost. 
3B ACHIEVES GR.EATER RETURN ON CAPITAL 
Provides water at lowe~ capital cost, and will continue to supply the 
15 
same annual quantity of water for a significant period after the initial 
capital expenditure has been redeemed. 
JC· PROVIDES MORE TIME TO IMPROVE DESALINATION TECHNOLOGY 
Postpones need to bear high financial and other desalination costs, 
which may be reduced by technological advance. 
a) Provides time to develop more cost-effective methods of 
desalination and more efficient disposal of byproducts, and 
delays the need for an expansion of presently planned control 
and disposal of waste products from nuclear or coal-fired power 
stations. 
b) Provides time to mitigate aesthet;c and ecological impacts of 
. I 
a desalination plant in a coastal location. 
c) Provides time to develop acceptabJe storage facilities for 
desalinated water. 
3D CONSERVSS ENERGY RESOURCES 
Minimizes energy requirements in meeting water demand, and supplies 
80 MW of power to ESCOM at peak demand periods without further pollution 
or consumption of nonrenewable resources (uranium and coal). 
3E INCREASES RELIABILITY OF WATER SUPPLY 
Reduces vulnerability of water supply to failures from technical com-
-plexity, marine oil pollution, and sabotage. 
3F INCREASES OPPORTUNITIES FOR· FLAT WATER RECREATION 
Provides a large water body for dam-orientated recreational use. 
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3G PROVIDES OPPORTUNITY TO INCREASE PRODUCTIVITY OF CERTAIN RESOURCES 
Provides new habitat for fish, waterfowl, and wildlife and an opportunity 
for the establishment of large-scale aquaculture or fish breeding/re-
search stations. 
3H IMPROVES FIRE-FIGHTING CAPABILITY 
Provides an extensive road system for access for fire~fighting. 
3I PROVIDES GREATER OPPORTUNITIES TO IMPROVE ECONOMIC CONDITIONS 
IN THE KLEINMOND/STRAND AREA 
Increasesprospects for job-seekers and businessmen during construction 
phase. 
PART FOUR: Benefits of Desalination of Sea Water 
in Relation to the ~pper Hangklip Dam 
4A HASTENS DEVELOPMENT OF MORE SECURE WATER SUPPLIES 
Reduces risks of future water shortages. 
a) Provides a source of water which is not dependent on rainfall 
and which is potentially limitless, thus strengthening the Cape's 
econ~~ic security and South Africa's political security. 
b) Provides greater incentives fo'r wc..ter conservation (due to 
higher unit cost of water). 
c) Promotes advances in desalination technology and provides 
impetus for similar developments elsewhere in the Republic. 
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d) Improves the prospects of a smooth transition from conventional 
to unconventional water resources. 
4B ENHANCES SOUTH AFRICA'S INTERNATIONAL REPUTATION 
Contributes to South Africa's prestige and scientific standing in the 
international community. 
4C STIMULATES REGIONAL ECONOMIC DEVELOPMENT 
Provides greater employment opportunities and economic stimulus for 
the area's population, including the opportunity for commercial exploit-
ation of brine produced in the desalination process. 
4D CONSERVES NATURAL RESOURCES IN THE KOGELBERG STATE FOREST 
Avoids losses of and disruptions to biophysical components and ecologicEl 
processes in the Kogelberg Stale Forest. 
a) Maintains a major reserve of the Cape Floristic Kingdom intact, 
conserving endemic vegetation, including rare and endangered 
species, as well as representative plant communities and eco-
systems of scientific and educational interest. 
b) Avoids destruction of wildlife habitat and disruption to inter-
linked ecosystems. 
c) Avoids the introduction of invasivP. exotic plants and animals 
such as Australian Acacias and thE: Argentine Ant . 
.d) Avoids catchment erosion and river sedimentation from construction 
activities in the Palmiet Valley. 
4E CONSERVES SCIENTIFIC AND EDUCATIONAL RESOURCES 
Avoids inundation of potentially important research sites. 
··-·-· .. -· ··~.- ---- ·-·-~- --·-·-- o-·--· •.. - --.----·· -·-···--;-"·-."';'· -~----·-~· •. -····-~·-····-·• -.. ·.•.·+;-
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4F CONSERVES AGRICULTURAL LANDS 
Avoids inundation of all agricultural land. 
4G MAINTAINS NATURAL CONDITIONS IN THE PALMIET ESTUARY 
Avoids possible impacts on estuarine organisms from releases of deoxy-
genated water and altered freshwater inflow. 
' . 
4H CONSERVES AESTHETIC QUALITY OF THE KOGELBERG STATE FOREST 
Preserves the natural beauty and pristine quality of the Kogelberg State 
Forest. 
4I KEEPS FUTURE OPTIONS OPEN 
Maintains options for future development ar conservation programmes, 
including presently unknown potential uses of the Palmiet RiVer Valley 
and its resources. 
·4J REDUCES FIRE HAZARD 
Avoids increased risk of fires in the·mountain region which would result. 
from easier and more frequent public access. 
4K AVOIDS ADVERSE IMPACTS ON LOCAL RESIDENTS 
Prevents disruption to local communities from water storage construction 
activities. 
4L CONSERVSS RECREATIONAL RESOURCES IN THE PALMIET VALLEY AND AT 
STEENBRAS DAM 
Maintains existing and potential recreational opportunities in Kogelberg 
State Forest~ the Palmiet Ri~er and estuary, and at the Steenbras Dam. 
ILLUSTRATIVE MATERIAL 
APPENDIX II 
Extract from Impact Report - Case Study 4 (Palmiet) 
(Excerpted from Stauth and Lane, 1983, pp.20-25) 
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III CATEGORIES OF EFFECTS 
Explanation 
All potential benefits of the three water supply projects have been 
grouped under 18 categories of effects to facilitate discussion and 
comparison. A standard format is employed to assist the reader in 
finding the particular kind of information that is wanted. First, 
each category is identified (e.g. Effects on Reliability of Water Supply). 
Then each benefit that falls within that category is identified by its 
symbol, a notation further indicating which alternatives are being com-
pared, and a descriptive heading (e.g. 11 1c - Dam/Weir: INCREASES 
RELIABILITY OF WATER SUPPLY", which refers to benefit Con list one, 
an advantage of the darn over the weir). The sub~equent discussion 
of possible effects adheres to the following format: ( 1) general natu1•; 
of the effects; (2) magnitude and probability of effects; (3) potential 
effects on social groups differently affected; (4) timing and duration 
of effects; and (5) possible secondary effects. The discussion is 
intended as a synopsis.of fact and opinion available to the research 
team which could assist panelists in judging the relative significance 
of the benefits which have been identified. 
Note: 1 • Dam/Weir Refers to advantages of darn over weir. 
2 . . Weir/Dam Refers to advantages of weir over dam. 
3. Darn/Desalination Refers to advantage3 of dam over 
desalination of sea water. 
4. Desalination/Darn Refers to advantages of desalination 
of sea water over darn. 
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CATEGORY 1 EFFECTS ON RELIABILITY OF WATER SUPPLY 
1C Dam/Weir: INCREASES RELIABILITY OF WATER SUPPLY 
3E Dam/Desalination: INCREASES RELIABILITY OF WATER SUPPLY 
4A Desalination/Dam: HASTENS DEVELOPMENT OF MORE SECURE WATER SUPPLIES 
1.1 General Nature of the Effects 
The net reliable yield of the dam is simply a function of the capacity 
of the dam, the surface area, and the net mean annual runoff. The 
yield of the weir, by contrast, depends on a system of pumps, tunnels, 
and canals to transfer water to storage in other parts of the catchment 
and other catchments. The storage capacity of the weir scheme is thus 
dependent 0n achieving high pumping rates during high flow periods, 
in order to avoid losses over the weir. This system is vulnerable 
to power shortages and mechanical breakdowns. ESCOM cannot provide 
assurances that power will
0
always be supplied in the amounts needed, 
and equipment failures in the complex system could occur, so that the 
net reliable yield of the weir is relatively uncertain. 
While the reliability of water supply from a dam is dependent largely 
on climatic variables, seawater desalination plants are independent oi 
climatic considerations. Nevertheless, desalination plants are complt::x, 
energy-intensive systems which are subject to equipment failures from 
a variety of causes, from simple mechanical breakdowns, to sabotage 
and marine oil spills. The system is particularly vulnerable to inter-
ruptions in power supply and oil pollution in the coastal zone. The 
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high energy cnst and the limitea availability of energy resources are 
major constraints in the implementation of desalination technology. 
Water resources in the whole of South Africa are limited, and the country 
is subject to periodic droughts which affect large regions. Conventional 
water resources in the Greater Cape Town Region, even if fully developed, 
will be unable to meet expected demand much beyond 2012. Further growth 
and development of the Cape Town region will then be dependent on new, 
unconventional sources of water. These developments will affect the 
economic potential and security of the entire western Cape. Similarly, 
the development potential of the whole country is constrained by the 
availability of water, and to a large deg~ee the country's political 
security i~ dependent on maintaining reli~ole supplies of water from, 
internal sources. 
Since desalination plants can be built in modular units, wat~r planners 
can ensure that supply will keep pace with demand in each region. 
Desalination plants will be particularly useful in cushioning the impact 
of drought by reducing the drawdown of storage dams and serving as a 
last, irreducible source of water for the most critical needs of society 
when conventional sources become temporarily useless. 
The early introduction of desalinated sea water into the country's water 
resource development strategy could lead to more rational use of this 
scarce resource by providing gre~ter incentives (through higher water 
tariffs) for recycling and cons~rvation measures. This would also 
reduce growth in demand, and so prolong the period of relatively reliable 
______ :_____:-:-.__··_-_--_· ---~--··._,_--_'_:___:_.c:::__:_·~··-~" • .-. .. ·- .. 
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yields from conventional sources. This in turn would reduce the 
social, economic, and political risks associated with sudden, widespread 
water shortages. Finally, the early introduction of this technology 
would accelerate its development and could thus lower costs over the 
long term, since significant advances could be made before its wide-
spread application is absolutely essential. 
1.2 Magnitude and Probability of Effects 
The net reliable yield from a darn is the quantity of water which can 
be abstracted on an annual basis with a low perce~tage risk of failure 
in supply. This yield will depend on thl' capacity and surface area 
of the dam, as well as the net mean annual runoff (runoff remaining 
after abstractions for agricultural use): The dam scheme has been 
designed to pr.ovide a net reliable yield of 104 million m3 /a (70% of 
the mean annual runoff) with a frequency of failure of not more than 
once in 50 years. The net reliable yield of the weir scheme would be 
91 million m3 /a (59% of the net mean annual runoff). However, the 
probability of achieving this goal depends largely on the reliability 
of the pumps and the availability of sufficient power during peak demand 
periods. During extreme flood events, pumping rates would not keep 
up with inflow as the probable pumping can~city woul~ be 6 m3 /s, and 
ESCOM has indicated that it may not always be possible to pump excess 
water. The amount of·water which may be lost due to such failures 
could vary from 1 - 5 million m3 /a. The probability that losses at 
the upper end ·or this range would occur is considered to be low. 
··- ... -. ···-··:· •; ·-··t-:·,~---.·._.,,.-.. ~-··· -":".:""-.... -... ......,..~-: 
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Desalinated water supply failures due to mechanical breakdowns or inter-
ruptions in power supply are likely to be rare and of such limited 
duration that other sources of supply can be used with little inconven-
ience. Although only about one week's supply of desalinated sea water 
would be kept in storage, water rationing measures could be taken in 
the event of prolonged breakdowns, and in the event of reactor problems, 
the desalination plant could be fed from the national grid. New energy 
sources {coal or nuclear) could be developed if needed. 
In the case of major oil spills affecting the coastal zone, contamination 
of the intal:es could halt all production for a matter of days or weeks, 
and this cruld lead to depletion of reserves from conventional water 
resources. The probability of such an event is considered to be very 
low: oil ':anker accidents are rare, and desalination plants elsewhere 
(such as in the Persian Gulf) have never been seriously affected by oil 
pollution from accidents to tankers or wells. In the event of such an 
accident, however, oil pollution barriers could be erected and water 
conservation measures could be implemented to mitigate the impact. 
Finally, the risks of failure in a desalination scheme may not be sub-
.stantially greater than that of conventional schemes: purification 
works can fail, and dams and underground water sources can become con·-
taminated, by both natural and man-caused processes. 
The early introduction of desalination.technology would conserve 
conventional water resources by increasing the ·supply of water both 
directly (desalinated sea water) and indirectly (providing incentives 
.. _J 
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for re-use due to higher water tariffs), and by reducing the growth 
in demand (due to higher water tariffs). If desalination technology 
is delayed until conventional water resource projects are no longer able 
to·meet the demand, water shortages are more likely to occur within 
the next 25· - 30 years. In addition, a rapid rise in water tariffs 
will OCGUr toward the end of this period, but over a relatively short 
period of time, which could affect regional and national economic <level-
opment. The possible magnitude of these effects has not been estimated, 
although risks associated with shortages and price hikes may increase 
exponentially as conventional water resources are exhausted, particu-
larly if .this corresponds with a period of drought. 
There is an inconclusive debate over whe~~cr it is advantageous for 
South Africa to _await technological impro·:ements from experience over-
seas or to embark on its own programme ir. order to help bring. about 
revolutionary developments and ensure that the country remains in the 
forefront cf this new technology. The long-term effects of these two 
strategies on economic, social, and political factors cannot be accurately 
forecast. 
1.3 Poter.tlal Effects on Socia1 Groups Differently Affected 
All social groups benefit from increased ~eliability of water supply, 
but higher income groups consume more water per capita and are likely 
to be more ~nconvenienced by interruptions in supply or when restrictions 
are placed on ~ater use (such as bans on watering gardens, washing cars, 
etc.). In addition, future generations would presumably be appreciative 
of.early inve~tment in desalination technology to provide them with 
more reliable supplie~ of water • 
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1.4 Timing and Duration of Effects 
All three projects would be completed in approximately 8 years from 
the start of construction. The dam would provide the most secure source 
I 
of water in the short term, but this advantage would decline in import-
ance as the proportion of conventional to desalinated water changes 
in favour of the latter and as desalination technology improves. 
1.5 Possible Secondary Effects 
The availability of a reliable water supply is a major consideration 
to individuals, ccmmerce, and industry in deciding whether to locate 
in a particular region. In addition, a reliable water supply reduces 
the possibility of social and political tensions which could otherwise 
arise. 
Perceptions as to the relative efficacy of the projects are difficult 
to assess; while the dam may be regarded as providing the most reliable 
source of water in the short term, the early introduction of desalina-
tion may be more attractive to persons with a long-term planning pers-
pective. The early implementation of desalination technology c~uld 
be a real confidence-building measure leading to stronger regional 
development. The eventual establishment of secure water supplies 
would result in a more stable and prosperous society in the future. 
~·. 
ILLUSTRATIVE MATERIAL 
APPENDIX JJ 
Final Listing of Impacts - Case Study '6 (Sandton) 
(Excerpted from Grindley, 1988, pp.55-59) 
6.3.1 Identification of Costs and Benefits 
The Delphi panel identified the following 14 benefits and 16 
costs associated with the three routes under consideration. 
Since all three routes had essentially the same impacts, 
differing only in degree, it was possible to use the same 
lists of impacts in the evaluation procedure. 
BENEFITS OF THE PROPOSED ROAD 
A. IMPROVED MOBILITY WITHIN SANDTON 
The accessibility of certain areas in Sandton would 
be improved owing to the shorter and faster route 
provided by the road. 
B. PEAK HOUR CONGESTION REDUCED 
Traffic congestion w.ould be reduced during morning 
and evening rush hours. 
C. IMPROVED REGIONAL LINKS 
Regional traffic flow would be improved. 
D. REDUCED VEHICLE COSTS 
The monetary costs of travel would be reduced 
because of less fuel consumption and wear and tear 
on vehicles. 
E. IMPROVED ROAD SAFETY 
Smoother traffic flow would reduce motor vehicle 
accidents and dangers to suburban resident$. 
F. IMPROVED QUALITY OF ENVIRONMENT ALONG EXISTING 
NEIGHBOURHOOD ROADS 
There would be reduced levels of noise and air 
pollution in neighbourhoods now subject to "rat-
running". 
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G. REDUCED ROAD MAINTENANCE COSTS 
Maintenance costs of suburban roads should decrease 
if "rat running" traffic is reduced. 
H. INCREASED GROWTH AND PROSPERITY 
An improved transportation system would stimulate 
development and increase property values. 
I. POTENTIAL FOR DEVELOPMENT AT GOLF CLUB SITE 
Improved access to the River Club Golf Course 
property could make it a more desirable site for 
future development. 
J. INCREASED JOB OPPORTUNITY 
Construction of the new road could increase the 
number of jobs available in the area. 
K. ADDITIONAL SERVITUDES 
The road corridor would provide a convenient 
servitude for placing public utilities. 
L. IMPROVEMENT OF BRAAMFONTEIN RIVER TRAIL 
Mitigation measures could improve the environmental 
quality of the spruit trail. 
M. IMPROVEMENT OF RIVER CLUB SPRUIT 
Mitigation measures for Routes 3 and 4 would include 
the rehabilitation of River Club Spruit. 
N. IMPROVED COHERENCE OF URBAN LANDSCAPE 
The public's understanding of the way the city is 
structured could be improved by the addition of a 
new route. 
COSTS OF THE PROPOSED ROAD 
A. REDUCED VALUE OF SANDTON FIELD AND· STUDY CENTRE 
The visual, noise, air pollution and physical 
impacts of a road would adversely affect the special 
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ambience, recreational value and conservation 
significance of the Sandton Field and Study Centre 
( SF&SC). 
B. REDUCED VALUE OF BRAAMFONTEIN SPRUIT TRAIL 
The visual, noise and physical impacts of a road 
would adversely affect the special ambience, 
recreational value and conservational significance 
of the Braamfontein Spruit Trail. 
C. INCREASED POLLUTION IMPACTS IN CERTAIN 
NEIGHBOURHOODS 
' 
Neighbourhoods along the route would experience 
greater noise levels, visual intrusion and air 
pollution. 
D. REDUCED PROPERTY VALUES 
The value of properties adjacent to the road may 
decline, and there would be a loss of rates in 
Sandton. 
E. CHANGE IN COMMUNITY CHARACTER, COHESION AND SAFETY 
Certain communities would be altered in character, 
cut off physically and psychologically from their 
neighbours, and exposed to more safety hazards. 
F. INCONVENIENCES DURING CONSTRUCTION 
Construction activities would cause noise, dust and 
delays during the construction period. 
G. REDUCED AMENITY VALUE OF THE RIVER CLUB GOLF COURSE 
The pleasant and tranquil atmoshpere of the Golf 
Course would be adversely affected by the proximity 
of the road. 
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H. POTENTIAL LOSS OF OPEN SPACE 
There is a possibility that the River Club Golf 
Course would decide to relocate and develop the 
present facility for housing. 
I. EFFECT ON MORNINGSIDE CLINIC 
Morningside clinic would be adversely affected by 
the proximity of a major arterial. 
J. LOSS OF PROPERTY AND DEVELOPMENT RIGHTS 
Certain properties would be expropriated and others 
would lose their development rights. 
K. REDUCED HOUSING STOCK 
Demolition of houses within the road corridor would 
result in a slight reduction in the availability of 
housing in Sandton. 
L. FINANCIAL COSTS 
Financial resources would be required for 
construction of the road, bridging, mitigation 
measures and expropriation costs. 
M. EFFECTS ON RIVER CLUB SPRUIT 
The amenity value of River Club Spruit may be 
reduced. 
N. DECREASE IN OVERALL QUALITY OF ENVIRONMENT BEYOND 
THE IMMEDIATE ENVIRONS OF THE ROAD 
Sandton could suffer a general decrease in 
environmental quality. 
O. REDUCED INCENTIVE TO IMPROVE PUBLIC TRANSPORT 
FACILITIES 
. ... -~ - --~-· ... - ... ····~·--.-. . -·. 
The construction of more roads would discourage the 
provision of public transport • 
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P. CONFIDENCE IN THE LOCAL AUTHORITY THREATENED 
Controversy and bitterness over the road could 
weaken the confidence and trust that rat~payers have 
in the local authority and divide the community. 
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An investigation was undertaken to describe the implications 
of each of these costs and benefits for each of the routes 
in a report called the "Delphi Briefing Document" (see 
Volume 2, Supplementary Report 10). This report was 
scrutinized for adequacy and completeness by representatives 
of Sandton Town Council and affected parties (see Volume 2, 
Supplementary Report 8, Section 8.2), and then given to the 
Delphi panelists to read before the evaluation meeting. 
' 
ILLUSTRATIVE MATERIAL 
APPENDIX KK 
Extract from Delphi Briefing Document - Case Study 6 
(Sandton) 
(Excerpted from Stauth and Grin~ley, 1988, pp.13-31) 
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BENEFITS OF THE PROPOSED ROAD 
A. IMPROVED MOBILITY WITHIN SANDTON 
The accessibility of certain areas in Sandton would be 
improved owing to the shorter and faster route provided by 
the road. 
Affected Groups 
Motorists and Sandton residents. 
Description of the Benefit 
East-west vehicular access across Sandton would be 
enhanced and there would be improved access to local 
shopping centres, working areas and the CBD.. All three 
routes would offer a similar degree of accessibility to 
Sandton residents. 
Magnitude of the Benefit 
At present, there ·are several routes that motorists can 
take between Rivonia Road (at South Road) and Peter Place. 
It is estimated that about one kilometre in distance, and 
from one to three minutes in time, could be saved by 
motorists using ·this new corridor. There would be no 
material difference in time saving between the three 
routes. The total length of this east-west link would be: 
3,85 kilometres for Route 2; 
4,30 kilometres for Route 3; and 
4,05 kilometres for Route 4. 
·-·--···· -·--... 
'J 
B. PEAK HOUR CONGESTION REDUCED 
Traffic congestion would be reduced during morning and 
evening rush hours. 
Affected Groups 
Commuters from Randburg and Sandton to Sandton CBD and 
Wynberg industrial area. 
Description of Benefit 
Commuters would have less travel time between Randburg, 
Sandton and Wynberg, and future traffic congestion levels 
would not be as high. Commuting.would be less tiring and 
frustrating. 
Approximately 90 taxis travel to Sandton and Wynberg from 
Alexandra. The chairman of the Alexandra Taxi Association 
(ATA) claims that traffic congestion is at its worst on 
the William Nicol Drive between Peter Place and Sandton. 
The proposed road would divert some traffic away from 
William Nicol Drive, and would therefore alleviate traffic 
congestion there. 
Magnitude of Benefit 
At present, there are several routes that commuters can 
take during rush hour between Rivonia Road (at South Road) 
and Peter Place. The new route is designed to accommodate 
about 2 000 cars per hour in each direction at a high 
level of service. Commuting time would be reduced on any 
one of the proposed routes during peak hours but the time 
saving has not been estimated. The time savings for 
commuters would be approximately the same for each of the 
three proposed routes. 
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It is likely t~at William Nicol Drive and other routes 
will be upgraded to improve their capacity when they 
become more congested, and this would offset the benefits 
of the new road. Currently about 3 500 vehicles per hour 
use William Nicol Drive and this exceeds design capacity. 
According to a traffic engineering report (updated in 
1988), if improvements to traffic circulation are not made 
by 2001 the theoretical peak hour number of vehicles on 
William Nicol Drive could be up to 5 000 vehicles per 
hour. There would thus be increased delays and the peak 
hour period would be extended. 
COSTS OF THE PROPOSED ROAD 
A. REDUCED VALUE OF SANDTON FIELD AND STUDY CENTRE 
The visual, noise, air pollution and physical impacts of a 
road would adversely affect the special ambience, 
recreational value and conservation significance of the 
Sandton Field & Study Centre (SF&SC). 
Affected Groups 
Users of the SF&SC and conservationists. 
Description of Cost 
The SF&SC has been conserved through the efforts of such 
organisations as the Transvaal Di vision of Nature 
Conservation, Sandton Town Council Parks and Recreation 
Division, and the Co-ordinating Committee for Community 
Open Space (COCCOS). It is the policy of these 
organisations to promote 
maintenance and upgrading 
the continued conservation, 
of this area, including the 
pioneer farmhouse, graveyard, store and post office, and 
SF&SC building. 
Route 2, aligned along the northern edge of the SF&SC is 
the only route that would take land from the SF&SC. 
Nonetheless, Route 4 would take public open space that 
lies between SF&SC and the golf course, and is currently 
managed as an integral part of the SF&SC. These routes 
would cross the Braamfontein Spruit with bridges 90 and 
180 metres long respectively, and would 'also have visual 
and noise impacts on the SF&sc. 
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Route 3 would cross the sprui t 250 metres north of the 
SF&SC and would therefore have less visual and noise 
impact than would Routes 2 and 4. If either Routes 2 or 4 
were built, it would not be possible to extend the SF&SC 
up to Peter Place. 
Noise and visual intrusion of the road and bridge over the 
sprui t, and exhaust fumes from vehicles, would decrease 
the environmental and aesthetic quality of the area for 
users of the SF&SC wishing to escape from the stresses of 
the urban environment. Fragmentation of the centre would 
reduce its amenity value, and degradation of environmental 
quality would decrease the centre's value as a venue for 
educational activities, exhibitions and fairs. 
Construction of a road through the centre would also 
violate . the symbolic. significance of the. SF&SC to many 
people in Sandton. 
From a regional point of view, the SF&SC does not compare 
favourably to parks such as Gillooly' s Farm, zoo Lake, 
Bezuidenhout Park, and Delta Park as it lacks size a~ well 
as facilities. The SF&SC is, however, the best park in 
Sandton according to a recent survey done by a landscape 
architect. Of 17 parks and public open spaces in Sandton, 
the SF&SC rated highest in terms of recreational and 
aesthetic qualities, and fifth in ecological quality. In 
I 
a comparative evaluation of the overall quality of open 
spaces in Sandton, taking into account ecological value, 
aesthetic value and recreation value and amenities, the 
top-rated open spaces were SF&SC and the Ernest Ullman 
Community Centre. 
The principal value of the SF&SC is its recreational 
function. The size of the open space (21 hectares), the 
gentle slope of the landscape, the presence of large 
exotic and smaller indigenous trees as well as open areas, 
present opportunities for a great variety of outdoor 
recreational activities. Furthermore, the SF-&SC forms a 
link in the linear open spac~ system and plays a critical 
role in the river trail system of Sandton. 
The main ecological value of the SF&SC lies in the fact 
that the park forms a segment in a chain of open spaces 
situated along the river valley. According to the 
consul ting ecologist, the ecological importance of this 
area is that it forms part of a corridor through the 
built-up area of Sandton where the only continuous space 
is that along the water courses. Nevertheless, none of 
the routes would constitute a physical barrier to wildlife 
movements or eradicate any critical wildlife habitat. 
Magnitude of Cost 
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Route 2 would take 1,2 hectares of the northern sector of 
the SF&SC and isolate a further 2 hectares. Route 4 would 
alienate an area of about 1 hectare, whereas Route 3 would 
not take any land. 
Sound levels or noise can be measured in terms of decibels 
(dB) which reflect different levels of sound pressure. The 
unit "dBA" is a weighted measurement of sound that is most 
commonly used for measurement at all sound levels. 
Current background noise in the northern region of the 
SF&SC is 49dBA, and south of the car park is 46dBA, due to 
the proximity of William Nicol Drive. These prevailing 
sound levels are already in excess of the 45dBA 
recommended by the South African Bureau of Standards 
(SABS) for recreational areas. Surrounding topography may 
significantly affect dBA values, but where there is level 
ground the following noise levels are anticipated at 
different distances from the edge of the road, based on 
the 1986 traffic counts for a design speed of 80km/h. 
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Without mitigation, Route 2 would produce a noise level of 
56dBA at the SF&SC building (an increase of 7dB over 
prevailing noise levels), increasing to 70dBA at a 
distance of 20 metres from the new road~ The effect of 
Route 3 on the noise level at the SF&SC would be of the 
order of 3dB. Route 4 would produce a noise level 
intermediate between those expected for Routes 2 and 3. 
With the planned mitigation of a 4m berm, noise levels 
should be as follows: 
Distance(m) 50 100 200 300 
Noise level (dBA) 50 47 44 43 
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It has been found that a 5dB increase in the level of 
noise leads to sporadic complaints, whereas a lOdB 
increase causes widespread complaints. Increases above 
these levels cause a strong response and threats of 
community action. 
Mitigation of Cost 
The impacts to the SF&SC could be mitigated by the 
development of 15 morgen of land adjacent to the SF&SC on 
the south (portion 34), which is being purchased for 
R800 000 by Sandton Town Council. This addition, which 
can become an integral part of the park, presently 
consists of undeveloped, open land which borders the 
Braamfontein Spruit on the east bank; it is not as well 
treed as the rest of the SF&SC. 
Measures which would be taken to mitigate the visual and 
noise impacts of the road include: 
(1) shaping cuts and fills into natural 
contours; 
(2) planting these contoured surfaces with 
screening vegetation; and 
{3) creating berms along the route. 
The construction of a 4m berm would reduce the noise level 
by 12dB at 50m from the edge of the road. To gain this 
measure of mitigation the berm would have to be designed 
so that no buildings or play areas have direct line of 
sight of the road. 
Where the route is not in a cut, berms need to be built to 
ensure that the land adjacent to the road is at least 4m 
in height. This action would reduce the noise level at a 
distance of 100 metres from the road to the existing noise 
levels. Thus the impact of the road with mitigation would 
at a minimum affect not only the 1,2 hectares 
expropriated, but also an additional one hectare along 
each side of the road for every 100 metres of road length. 
Where the road crosses the river it would be difficult to 
mitigate the noise. If this is so, then the noise would 
affect a further 4 hectares. Noise and visual impacts 
from bridges on all three routes could be partially 
mitigated by berms along the approaches and dense planting 
of trees on these berms. The placing of noise screens 
along the bridge would create a man-made visual barrier 4 
metres high by about 90 metres long. 
Routes 2 and 4 would have similar noise impacts on the 
SF&SC. Noise effects from Route 3 would be minimal. 
B. REDUCED VALUE OF BRAAMFONTEIN SPRUIT TRAIL 
The visual, noise and physical impacts of a road would 
adversely affect the special ambience, recreational value 
and conservation significance of the Braamfontein Spruit 
Trail. 
···-·- -~ -·· ---- ----~ ----- --··---~----,..--·-.···· 
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Affected Groups 
Conservationists and walkers/joggers. 
Description of Cost 
All three routes, would cross the Braamfontein Spruit 
Trail. This trail is part of a proposed continuous green 
belt of linear parkways extending through the metropolitan 
area. Organisations actively concerned with the 
conservation and development of this trail system include 
COCCOS and the Braamfontein Spruit Trust. 
All three routes would reduce the continuity of the linear 
parkway and the recreation potential of the trail. Route 
2 would cross the Braamfontein Spruit at the SF&SC~ which 
is where walkers/joggers ·normally begin or -end their 
journey. Route 3 would cross the spruit and trail about 
250 metres north of the SF&SC boundary. Route 4 would 
start at the River Club Golf Course boundary and stretch 
for 200 metres to the south. The long, angled bridge of 
Route 4 would have greater visual and noise impacts on 
walkers/joggers than the other routes. 
The noise and visual intrusion of the road and bridge over 
the sprui t could decrease the environmental and aesthetic 
quality of the area for walkers/joggers wishing to escape 
from the stresses of the urban environment. The 
Braamfontein Spruit Trail is the longest linear park in 
the Republic. Bisection of the Braamfontein Trail by 
another bridge would reduce the scenic beauty of the 
trail, and the loss of serenity could adversely affect the 
enjoyment that walkers/joggers get from this facility. 
Animal movements along the river should not be affected, 
and no critical riverine habitat should be lost. 
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Magnitude of Cost 
EFFECT UNIT ROUTE 2 ROUTE 3 ROUTE 4 
Length of bridge m 90 60 180 
The noise impact would be similar to that discussed for 
the SF&SC in the previous section. There are already 16 
vehicular crossings along the length of this trail. Users 
of the trail would take about 3 to 5 minutes to pass 
through the zone of noise and visual disturbance created 
by any of these routes. 
Mit~gation of Cost 
Mitigation measures would include such actions as 
reinstating indigenous vegetation, and ensuring that 
animal movement and critical habitat are not affected. 
Measures which would be taken to mitigate the visual and 
noise impacts of the road would be similar for all three 
routes and would include: 
(1) shaping cuts and fills into natural 
contours; 
(2) planting these contoured surfaces with 
screening vegetation; and 
(3) creating berms along the route. 
ILLUSTRATIVE MATERIAL 
APPENDIX LL 
Estimated Net Value of Mining - Case Study 1 (Groenrivier) 
(Excerpted from Stauth, 1982b, pp.52-56) 
Discussions with Mr Bentley, Planning Manager for De Beers Namaqualand, 
indicated that s~t-up costs for the initial surf prospecting/mining 
operation based at Groenrivier would be approximately Rl million, and 
annual operating costs would be about R400000. This would provide 
equipment and facilities for a crew of 20 (including 6 divers) 
supporting one mobi Le. treatment plant. 
The following table presents a profitability analysis of a hypothetical 
surf prospecting/mining operation for a 10 km stretch of coast, based 
on estimates provided by Mr Hazel and Mr Bentley. 
TABLE 1 
Size of Ore Body 
Grade of Ore 
Total Carats 
Revenue per Carat 
Total Revenue 
Treatment Rate 
Time to Mine 
Capital Investment 
Operating Costs 
Total Costs 
--.--:------~··- ·. 
20 000 m' 
2 carats/m' 
40 000 
R150 
R6 mi LL ion 
10' /day 
7 years 
R 1 million 
R400 000/year 
R 3 , 8 m i L L i on 
- - -·---- -<' •• ,... --. 
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Assuming the original capital investment is made on day one of the 
fiscal year, and operating costs and revenues are recorded monthly, a 
present value analysis by period reveals that the net present value 
of the operation when the project is completed is R1325979, as shown 
in Table 2 below. 
TABLE 2 
Time Investment Benefits Present Value Present 
Period <Outlays) (Inflows) Factor at 10% Values 
0 Rl 000 000 1,000 -Rl 000 000 
400 000 R857 150 0, 950 'i' 434 293 
2 400 000 857 150 o_,864 + 394 978 
3 400 000 857 150 0,785 + 358 863 
4 400 000 857 1.50 0,714 + 326 405 
5 400 000 857 1·50 0,649 + 296 690 
6 400 000 857 150 0,590 + . 269 719 
7 400 000 857 150 0,536 + 245 032 
R3 800 000 R6 000 050 Rl 325 979 
Mr Magrath, Assistant Gerieral Manager of De.Beers Namaqualand Division, 
felt that the revenue per carat for this operation was more likely to 
be about R50/carat, and the treatment rate would be closer to 
20m3 /day, so that the project would generate Less revenue but total 
costs would be less and income would be received sooner. Table 3 
below presents a profitability analysis for this scenario. 
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TABLE 3 
Time Investment Benefits Present Value Present 
Period <Out Lays) ( Inflows) Factor at 10% Va Lues 
0 Rl 000 000 1, 000 -Rl 000 000 
400 000 R500 000 0,950 + 95 000 
2 400 000 500 000 0,864 + 86 400 
~·· 
3 400 000 500 000 0 ,_785 + 78 500 
4 400 000 500 ·ooo .0,714 + 71 400 
R2 600 000 R2 000 000 - R 668 700 
According to this analysis, surf mining wil{ be unprofitable. 
The third profitability analysis is based on projections made by 
Mr Cornelissen, Chief Geologist for Dawn Diamonds, who feels that it 
would not really be profitable for De Beers to undertake surf prospect-
ing unless it was anticipated that it may be possible to operate on a 
fairly Large scale for an extensive period. This would Likely involve 
the use of at Least 10 to 20 mobile treating plants over a 10 to 20 
year Life. Mr Cornelissen believes that De Beers' projections on the 
grade of ore is too optimistic, and it will be necessary to mine 
approximately 2 million m3 of ore. He also feels that the revenue 
per carat in this area is unlikely to be over R35. Mr Cornelissen' s 
projections for this Larger-scale surf mining operation are illustrated 
in Table 4 below. 
··- --;-·-~·-·--· ·---·-- ..... 
TABLE 4 
Size of Ore Body 
Grade of Ore 
Total carats 
Revenue per Carat 
Total Revenue 
Treatment Rate 
Time to Mine 
Capital Investment 
Operating Costs 
Total Costs 
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4 million m' 
0,5 carat m' 
2 mill ion 
R35 
R70 million 
700 m' /day 
20 years 
R 1 , 9 mi l l ion (year 0) 
R1,0 million (year 5) 
R1,0 mi LL ion (year 10) 
R 1 , 0 mi LL ion (year 15) 
R1 440 000/year 
R33 700 000 
Table 5 below presents a profitability analysis for Mr Cornelissen's 
forecast. 
____ ._ ____ .·_. 
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TABLE 5 
Time Investment Benefits Present Value Present 
Period <Outlays) (Inflows) Factor at 10% Values 
0 Rl 900 000 1, 000 -Rl 900 000 
440 000 R3 500 000 0,950 + 1 957 000 
2 440 000 3 500 000 o_,864 + 1 779 840 
3 1 440 000 3 500 000 0,785 + 1 617 100 
4 1 440 000 3 500 000 0,714 + 1 4 70 840 
5 2 440 000 3 500 000 0,649 + 687 940 
6 1 440 000 3 500 000 0,590 + 1 215 400 
7 1 440 000 3 500 000 0 536 + 1 104 160 
8 440 000 3 500 000 0 ,4_88 + 1 005 280 
9 440 000 3 500 000 0,443 + 912 580 
10 2 440 000 3 500 000 0,403 + 472 180 
1 1 1 440 000 3 500 000 0,366 + 753 960 
12 440 000 3 500 000 0,323 + 665 380 . 
13 440 000 3 500 000 .0' 303 + 624 180 
14 440 000 3 500 000 0, 275 + 566 500 
15 2 440 000 3 500 000 o, 250 + 265 000 
16 1 440 000 3 500 000 0,227 + 467 620 
17 1 440 000 3 500 000 0,207 + 426 420 
18 1 440 000 3 500 000 o,_1_88 + 387 280 
19 1 440 000 3 500 000 0' 171 + 350 200 
20 1 440 000 3 500 000 0' 155 + 319 300 
R33 700 000 R70 000 000 R15 148 160 
According to Mr Cornelissen's projections, the net present discounted 
value of the surf mining option (using a 10% discount rate) is 
R15 148 000 •. 
ILLUSTRATIVE MATERIAL 
APPENDIX MM 
Estimated Net Value of Stock Farming - Case Study 1 
(Groenrivier) 
(Excerpted from Stauth, 1982b, pp.39-40) 
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CHAPTER FIVE 
THE INTERNAL COSTS AND BENEFITS 
OF SELECTED DEVELOPMENT~ 
The internal costs and benefits projected for the four management 
options are presented below. 
1. STOCK FARMING 
Attempts to obtain actual financial data for the specific farms in 
question were not successful. Most farmers do not keep accurate 
records, or are reluctant to discuss financial matters. A form was 
designed and translated into Afrikaans to be distributed to De Beers 
tenant farmers through the Farm Manager (see Appendix 0 of Report 1), 
but unfortunately it was considered too complex and time-consuming and 
was not forwarded to the farmers. Similar problems were encountered 
in getting estimates from .the local extension officer. Forms to be 
provided at a farmers' meeting were not distributed due to an oversight, 
and a farming profitability study which was to have been concluded by 
December 1981 was delayed. 
It was then decided to use farming data gathered by the Department of 
Agricultural Economics and Marketing in the Bitterfontein area to 
estimate the value of farms and farming along the coast. This 
dep ar tmen t monitors farm production, income and ex pend i tu res for 
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selected farms in the Cape. Several farms in the Bitterfontein area 
participate in this study, and three coastal farms were selected for 
analysis. According to Mr Laubscher, Agricultural Economist studying 
this group, these farms probably have more potential for agricultural 
. 
production than do farms in the Groenrivier-Spoegrivier area. Yet 
total farm expenditure for farms in this study group in recent years 
has exceeded gross income from Livestock and crops, and farmers have 
been relying on other income (subsidies, outside jobs, salt production, 
sale of equipment, etc.) to make a Living. For example, in 1979/1980, 
the average income from Livestock and crops was R20 097 and the average 
expenditure was R22 022. Additional income (from contract work, 
subsidies received, profit on sale of capital items) averaged R6090, 
and stocks on hand averaged R201, to yield a net farm income CNFI) of 
R4366. Even with this additional income <not all of which should 
be included i~ a social cost-benefit analysis), NFI was only R3,83 per 
R100 of capital investment, and only RO, 74 per ha. In 1_980/ 1_981, 
average NFI dropped further to R459, or R0,28 per RlOO of capital 
investment, and R0,_08 per ha. 
Although drought conditions have Limited yields in recent years, 
Mr Laubscher feels that the agricultural potential of the area has 
deteriorated due to overstocking and these farms are no Longer really 
viable. Transport costs are now higher, and yields are declining, so 
that expenditure has overtaken income and farmers are Living off 
subsidies, savings, and outside income. It seems unlikely that their 
children will continue farming operations. 
I . 
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ILLUSTRATIVE MATER I.AL 
·APPENDIX.NN 
Estimated Net Value of National Par.k .. Case Study 1 
(Groenrivier) 
(Excerpted from Stauth, 1982b, pp.92~93) 
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COST PROJECTIONS FOR THE NATIONAL PARK 
The cost of developing and operating a national park at Groenrivier was 
estimated by projecting the expenditure pattern of the Tsitsikamma 
Park over the next 50 years. Forecasts for the first 18 years were 
derived by inflating the actual costs of Tsitsikamma Park (from its 
beginning 18 years ago) to present values using th~ national building 
cost index (1982 value= 450). The annual increase in expenditure 
from the 19th year reflects the average real growth in expenditure for 
Tsitsikamma Park over the past 10 years - 7,7% per annum. 
Since the Tsitsikamma data were not complete, it was necessary to accept 
approximate expenditures for certain years (65-66, 66-67, 70-71~ and 
72-73) and estimate expenditures by interpolation for the period 73-77. 
The following table illustrates the cost projection procedure. Land 
acquisition costs (in year zero) are assumed to be R1 700000. Future 
costs are discouhted at 10% to obtain present value equivalents. 
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Tsi tsikamma Ts its i kamma Building Cost Cost inflated Groenr iv ier Present Value 
Year Expenditure Index to Present Value Year at 10% (1982. 450> 
1982 - 83 Rl 700 000 
J.963 - 64 R5 075 68 R33 585 1983 - 84 31 906 
1964 - 65 21 238 75 127 428 1984 - 85 110 098 
1965 - 66 16 984 78 97 985 1985 - 86 76 918 
1966 - 67 50 954 80 286 616 1986 - 87 204 644 
1967 - 68 63 473 82 348 327 1987 - 88 226 064 
1968 - 69 73 570 85 389 488 1988 - 89 229 798 
1969 - 70 79 529 93 384 817 1989 - 90 206 262 
1970 - 71 85 970 102 379 279 1990 - 91 185 088 
1971 - 72 104 880 124 380 613 1991 - 92 168 612 
1972 - 73 115 368 125 415 325 1992 - 93 167 376 
1973 - 74 163 013 140 523 970 1993 - 94 191 773 
1974 - 75 210 659 164 578 028 1994 - 95 186 703 
1975 - 76 258 304 185 628 307 1995 - 96 190 377 
1976 - 77 305 950 201 684 963 1996 - 97 188 365 
1977 - 78 353 595 206 772 416 1997 - 98 193 104 
1978 - 79 316 454 213 668 565 1998 - 99 151 764 
1979 - 80 446 999 250 804 598 1999 - 00 166 552 
1980 - 81 532 470 317 755 872 2000 - 01 142 104 
814 074 2001 - 02 139 207 
676 758 2002 - 03 135 897 
etc etc etc 
With costs increasing at 7,7% per annum from the year 2000 - 01, the total present value of 
park costs will be R7 198 000 as of the year 2032 - 33. 
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ILLUSTRATIVE MATERIAL 
APPENDIX 00 
Evaluation of the Nonmonetizable Costs of the Three Options 
- Case Study 1 (Groenrivier) 
(Excerpted from Stauth, 1982b, pp.94-101) 
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SURF MINING AND STOCK FARMING 
V.6 
NATIONAL PARK 
Stock farming would be compatible with surf mining but the present 
recreational usage of the campground would be excluded. The surf 
mining and stock farming option yields the higher monetary benefit 
(none of the benefits of the national park have been monetized). 
However, this option involves the following, potentially significant, 
nonmonetizable costs: 
A. Soil structure and fertility would continue to deteriorate a~ a 
result of overgrazing in dry periods. 
B. The unsightly campground would probably remain as a blemish on 
/ 
an otherwise attractive setting and would be used by the mining crews. 
C. The Lagoon would continue to be degraded by dust pollution and 
gravel originating from erosion of the road and campground. 
D. Dust and sand damage to vegetation would result from heavy traffic 
on the gravel roads, and more direct impacts on the vegetation would 
occur from off-road traffic and gravel treatment activities. 
E. The opportunity to provide hiking trails and other recreational 
benefits for the national population would be foregone. <There are 
. - -· ·-----..·---·· .. ··----- - ---· ·-- - ·---·.- ·:· --··.--·····- .. - ~- ----~-· __ .... _- ... ·····-·---.----~ -··~---.-~--. ·····---,--.- -.- . · ... ··-· ;.••,. .. __ .......... -_ . ., ~ :-:·:--~·. 
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no parks on the west coast and no reserves north of Lambert's Bay, and 
few areas have potential for being declared a reserve or park in this 
part of Namaqualand.) 
F. Kelp and sediment removal could reduce productivity of the coastal 
marine ecosystem by disrupting nutrient cycling, food chains, and 
natural habitat. 
G. Sediment dispersion could smother mussel beds and reduce the rock 
Lobster population. The rock lobster resource could also be signif i-
cantly reduced by direct impacts such as sucking up larvae by pumps 
and lobster explo1tation by mining crews. 
H. Coastal features and ecosystems would be altered, and some endemic 
species could be further endangered. 
I. The natural beauty of the area could be significantly degraded 
by ( 1) the establishment of roads, tracks, and quarries along the 
coastal fringe; (2) excavating beach deposits and dumping wastes 
on or near the beaches; and (3) other disturbances which lead to 
erosion and loss of vegetation. 
J. The pristine or wilderness quality of the natural setting could be 
significantly diminished by highly visible scars in the sensitive 
coastal zone. 
K. The value of the area as a repository of cultural and historic 
resources (such as strandloper midden deposits), and as a "natural 
laboratory" offering opportunities for scientific studies, would be 
impaired. 
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L. The value of the area as a "natural classroom" for further en-
vironmental education would be reduced~ 
M. The value that people attach to leaving their natural heritage 
to their children and future generations would be substantially lost. 
N. The value that people attach to simply k~owing that some parts of 
nature remain undisturbed even if they may never visit such areas, 
would be lost. 
0. Irreversible changes to the coastal environment would reduce 
land-use options remaining to present and future generations. 
The potentially significant nonmonetizable costs of a national park 
are as fol lows: 
A. About 20 farmers and their families would be displaced. Some 
might have to find another livelihood, and longstanding associations 
with the land and the local community could be lost. 
B. Visitors would no longer be allowed to collect bait organisms, 
catch rock lobsters, or exploit other natural resources in the area. 
·c·-. ··- ........ _·--· _ _;_ __ -_. ·.:...« _ .. _.-_ • .._ .....;. ... _.-·.:...·-···-· ._·_-_ .... _.._.;.;_......,_.;_ _______________ _ 
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LOCAL RECREATION AND STOCK FARMING 
NATIONAL PARK 
None of the benefits of the national park have been monetized; the 
Local recreation and stock farming option yields the higher monetary 
benefit. However, this option involves the following, potentially 
significant, nonmonetizable costs: 
A. Soil structure and fertility would continue to deteriorate as a 
result of overgrazing in dry periods. 
B. The unsightly campground would probabl.y remain as a blemish on 
an otherwise attractive setting. 
C. The lagoon would continue to be degraded by dust pollution and 
gravel originating from erosion of the road and campground. 
D. Recreationalists would probably continue to overexploit the Local 
rock lobster resource. 
E. Dust and sand damage to vegetation would continue from traffic 
on the gravel road, and from dune buggies, trampling, and grazing 
pressures in the semi-vegetated dunes. 
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F. Opportunities for approximately 100 jobs which would be created 
by the establishment of a national park, would be foregone. 
G. Multiplier effects on the Local economy (the Garies region in 
particular) would be foregone. 
H. The opportunity tb provide hiking trails and other recreational 
benefits for the national population would be foregone. <There are 
no parks on the west coast and no reserves north of Lambert's Bay, 
and few areas have potential for being declared a reserve or park in 
this part of Namaqualand.) 
The potentially significant nonmonetizable costs of a national park 
are as follows: 
A. Farmers and their families would be displaced. Some might have 
to find another Livelihood, and Longstanding associations with the 
Land and the Local community would be Lost. 
B. Visitors would no Longer be allowed to collect bait organisms, 
catch rock lobsters, or exploit other natural resources in the area. 
C. The descendants of the Local population would be deprived of the 
exclusive use of this traditional holiday area. 
D. Peop Le who prefer "undeveloped" and general Ly "unknown" retreats 
to more organized and more popular holiday places will Lose another 
relatively unspoiled area. 
\ 
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LOCAL RECREATION 
SURF MINING 
The surf mining option yields the higher monetary benefit. However, 
this option involves the following, potentially significant, non-
monetizable costs: 
A. The descendants of the local population would be denied the oppor-
tunity to enjoy this traditional holiday area. 
B. Casual visitors in search of undeveloped retreats would lose one 
of the most unspoiled areas remaining in. Namaqualand. 
C. Kelp and sediment removal could reduce productivity of the coastal 
marine ecosystem by disrupting nutrient cycling, food chains, and 
natural habitat. 
D. Sediment dispersion could smother mussel beds and reduce the rock 
lobster population. The rock lobster resource could also be signif i-
cantly reduced by direct impacts such as sucking up Larvae by pumps and 
exploitation by mining crews. 
E. Coastal features and ecosystems would be altered, and some endemic 
species could be further endangered. 
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F. The natural beauty of the area could be significantly degraded by 
(1) the establishment of roads, tracks, and quarries along the coastal 
fringe; (2) excavating beach deposits and dumping wastes on or near 
the beaches; and. (3) other disturbances which Lead to erosion and 
Loss of vegetation. 
G. The pristine or wilderness quality of the natural setting could be 
significantly diminished by highly visible scars in the sensitive 
coastal zone. 
H. The value of the area as a repository of cultural and historic 
resources (such as strandloper midden deposits), and as "natural 
Laboratory" offering opportunities for scientific studies, would be 
impaired. 
I. The value of the area as a "natural classroom" for furthering 
environmental education would be reduced. 
J. The value that people attach to leaving their natural heritage to 
their children and future generations would be substantially·lost. 
K. The value that people attach to simply knowing that some parts of 
nature remain undisturbed, even if they may never visit such areas,. 
would be Lost. 
L. Irreversible changes to the coastal environment would reduce land-
use options remaining to present and future generations. 
101 
The potentially significant nonmonetizable costs of local'recreation 
are as follows: 
A. Opportunities for approximately 100 jobs would be foregone. 
B. Multiplier effects on the Local economy (the Garies region in 
particular) would be foregone. 
